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ABSTRACT 
The Duperow Formation is an Upper Devonian (Frasnian) subsurface 
unit in the Wi l liston Basin in the north-central United States and 
south-central Canada. Despite its economic importance for hydrocarbons, 
no detailed accounts have been published on the Duperow Formation that 
integrate depositional environments, lithology, diagenesis, and pore 
studies on either a regional or local scale. It was the purpose of this 
study to construct a model of the depositional environments and 
diagenesis of the lower Duperow Formation in the Billings Anticline of 
west-central North Dakota, based on detailed analysis of 17 cores (225 
m, 739 ft) and associated wireline logs and well files. 
The primary study area comprised nine townships (approximately 840 
sq km or 324 sq mi) and included 11 oil fields and a portion of 
another. Analytical methods included macroscopic examination of cores 
and examination of thin sections using a petrographic microscope and a 
scanning electron microscope (SEM) . Insoluble residues were analyzed 
using SEM, microprobe, and X-ray diffractometry systems. 
Eight lithotypes were defined in the Duperow Formation on the 
basis of mineralogy, sedimentary structures, types of constituents, and 
textural relations: 1) lithoclastic, intraclastic floatstone; 2) 
burrowed brachiopod wackestone; 3) stromatoporo i d , coral floatstone; 4) 
ostracode, peloidal grainstone; 5) poorly foss i life rous peloidal 
wackestone to packstone; 6) mudstone; 7) l aminat 0.d to disturbed-bedded 
anhydrite; and 8 ) argillaceous, siliciclast i c dolomudstone. These 
lithotypes represent deposits formed in three env ironments: 1) marine 




Cementation and replacement were the major d i agenetic processes 
that affected lower Duperow Formation rocks . Cal ci te, primarily in the 
fo r m of micrite and microspar, is the pr i mary cement, with lesser 
amounts of anhydrite, dolomite, and quartz. 
Thorough dolomitization produced large volumes of intercrystalline 
porosity. The dolomitized lithotypes form reservoirs that trap economic 
volumes of hydrocarbons. Circumstantial evidence suggests that calcite 
cement formed at its present depth of approximate ly 11,000 ft (3,353 
m), and that the replacement dolomitization that forms reservoirs for 
hydrocarbons occurred during, or before , Mesozoic time . 
xi 
INTRODUCTION 
The Billings Anticline is located in the south-central portion of 
the Williston Basin, which was a sub-basin of the Devonian Elk Point 
Basin of south-central Canada and north-central United States. The Elk 
Point Basin had a northwest-to-southeast depositional axis t hat was the 
focus of sedi mentation throughout the Devonian until earliest 
Mississippian time (Gerhard et al., 1982; Kent, 1987). The Duperow 
Formation is an Upper Devonian rock unit in the subsurface of the 
Williston Basin in the north-central United States and the south-
central Canadian provinces of Saskatchewan and Manitoba (Fig. 1). 
Outcrops of time-equivalent strata are so sparse or distant from 
the type section of the Duperow that they carry different unit 
distinctions and names, such as the Jefferson Formation in Montana, and 
the Cairn and Southesk Formations of the Fairholme Group in Alberta, 
Canada (Fig. 2). What is known about the deposition of the Duperow 
Formation, therefore, is extrapolated over hundreds of square 
kilometers or is gleaned from the examination of relatively small 
samples recovered from widely-spaced holes drilled during hydrocarbon 
exploration. Diagenetic studies suffer from the same limitations and 
are cursory at best, or of limited scope (Kissling, 1982; Weinzapfel 
and Neese, 1986). Much work on the Duperow undouhtedly has been done by 
major oil companies (Wilson, 1967) and cons u ]tjng companies (Kissling 
and Ehrets, 1985), but details are limited and g0-nerally not available 
to the scientific community at large. 
During Duperow time, the Williston Basin depocenter, in 
southeastern Saskatchewan, received a thickness of over 180 meters (600 





A map showing the location of the Billings Anticline ("Nose") in the 
Williston Basin. The present extent of the Duperow Formation and 
relevant structural elements are shown. The map is modified from one by 
Kissling and Ehrets (1984, p. 2). The outline of the Williston Basin is 
taken from Gerhard et al. (1982). BH = Black Hills, CMH = Central 
Montana High, MLE = Meadow Lake Escarpment. 
~ 
118° 5501 I 1140 1100 1060 




100 200 MILES 
I I I I 



























, ....... -~ 
4 
Figure 2 
The history of nomenclature of the Duperow Formation and related 
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Kent, 1987). Duperow l ithologies are pr imarily limestone, dolostone, 
and anhydrite, and were deposited in very shallow-shelf to peri-
st randline environments . The sublittora l lithotypes provide significant 
hydrocarbon reservoirs where they are do l omitized, especially where 
stromatoporoid banks occurred. The primary horizons that produce 
economic quantities of hydrocarbons are either dolomitized or 
fractured. 
Stratigraphy of the Duperow Formation 
The Duperow Formation has a convoluted nomenclatural history (Fig. 
2) that has been traced by Hoganson (1978). Originally proposed by 
Powley (1951) for a 256 m (840 ft) interval between 1,009 and 1,265 m 
(3 , 310 ft and 4,150 ft) in the Tidewater Oil Company's Duperow Crown 
No . 1 well, Saskatchewan, Canada, the unit included the upper part of 
the Souris River Formation. Because it was proposed in an unpublished 
thesis, usage of the name was limited and frequently applied 
inaccurately; consequently, the original significance was lost 
(Sandberg and Hammond, 1958). Similar oversight in following formal 
naming procedure plagued the definition of the Duperow Format ion 
proposed by the Williston Basin Nomenclature Subcommittee of the 
American Association of Petroleum Geologists. This subcommitt ee 
published their results in a forum with limited r\jstribution (North 
Dakota Geological Society, 1954) and selected a type section in a well 
(Hunt No.1, Olson, S. 18, T. 163 N., R. 77 S., Bottineau County) with 
an anomalously thin Duperow section (Sandberg and Hammond, 1958); this 
made log correlations difficult. Subsequently, the Duperow Formation 
was formally named by Sandberg and Hammond (1958) because they found 
7 
inconsistencies in correlation that creat ed confusion, and they 
perceived the existing type sections and publication to be inadequate. 
The Duperow Formation was defined by Sandberg and Hammond (1958) 
as a subsurface unit east of the 111° west meridian in central Montana 
and the Williston Basin (Fig. 2). The Duperow Formation includes all 
beds between the overlying, lithologically similar Birdbear Formation 
and the underlying highly argillaceous Souris River Formation. The 
type section is the interval between the depths of 10,400 ft (3,170 m) 
and 10,743 ft (3,274 m) in the Mobil Producing Company's Birdbear well 
No. 1 (S. 22, T. 149 N., R. 91 W.) in Dunn County, North Dakota. 
Outcrops of time-equivalent rocks east of 111° west longitude are 
defined by Sandberg and Hammond (1958) to be Jefferson Formation and 
only correlatives of the Duperow Formation because they are on the 
surface rather than subsurface. Isolated outcrops of time-equivalent 
strata occur in the Bridger Range, Little Rocky, Little Belt, 
Beartooth, Pryor, and Big Snowy Mountains of Montana, and the Bighorn 
Mountains of northern Wyoming. 
Duperow lithologies, in general, consist of thick-to-thin 
interbedded carbonates and evaporites that have varying amounts of 
noncarbonate clay , silt, and sand. Depositional thickness ranges from 
zero along the southern limit of the Duperow to over 245 m (800 ft) in 
western Saskatchewan (Kent, 1968). Facies changes in the Duperow 
Formation in Alberta, Canada, are used to define three other formations 
of the Woodbend Group: the Ireton, Leduc, and Cooking Lake Formations 
(Kent, 1968; Dunn, 1975) and into the upper part of the Beaverhill 
Formation (Fig. 2). Farther to the north-northwest, the Leduc Formation 
is subdivided into the Duvernay and Grosmont Formations. In western 
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Montana, the Duperow Formation is stratigraphically equivalent to the 
Jefferson Limestone of Peale (1893) or the Jefferson Formation of Sloss 
and Laird (1946). 
The age of the Duperow Formation is considered to be Lat e Devonian 
(Frasnian), based on the recognition of the bottom of the Cyrtospirifer 
zone (Upper Devonian) in Duperow lithologies (Wilson 1955, 1956). The 
diagnostic Frasnian spiriferid brachiopods common in the basal Duperow 
Formation (Wi lson, 1955) belong to the genera Eleutherokomma and 
Allanella (= Allanaria). 
Regional Setting 
Williston Basin 
During Duperow deposition, the Williston Basin was delimited to 
the south by the Black Hills uplift and to the southeast by the Siouxia 
Uplift (Fig. 1), an element of the Transcontinental Arch (Porter et 
al., 1982). A shallow, narrow connection to the Devonian sea in Iowa 
was postulated by Heckel and Witzke (1979). Paleontologic evidence in 
Middle Devoni an (Givetian) rocks supports this hypothesis (Johnson, 
1970). The western boundary was periodically inundated during Duperow 
deposition and consisted primarily of an aggregation of structures 
which included the Cedar Creek Anticline, Wolf Creek Nose, Central 
Montana High and the Sweetgrass Arch (Wilson, 1967; Kissling and 
Ehrets, 1984 ; Kent, 1987). Southeast of the Meadow Lake Escarpment, the 
North Batt leford Arch and Swift Current Arch combined to restrict the 
Williston Basin to the northwest. The original northern and 
northeastern margins of the Basin cannot be defined with certainty 
because the basin rocks along these margins have been removed by 
9 
erosion. To the east, emergent portions of the Canadian Shield defined 
the limit of deposition, although faunal similarities (Johnson, 1970) 
and isopach maps (McCabe, 1967; Ehrets and Kissling, 1987) suggest that 
there may have been a structural low in north-central Manitoba that 
connected the ancestral Hudson Bay area with the Duperow sea. 
Billings Anticline 
The Billings Anticline was first described by Anderson ( 1966). The 
anticline is a northward-plunging structure .in west-central North 
Dakota. It extends in a north-south direction for about 97 km (60 
miles) and is up to 29 km (18 miles) wide (Anderson, 1966). The general 
lack of four-way structural closure has p rompted some geologists to 
refer, informally, to the feature as a II II nose. Results of detailed 
mapping of structure in the northern part of Billings County using the 
top of the Duperow Formation prompted Burke and Heck (1988a, 1988b) to 
postulate a north-south trending fault or fracture system bounding the 
eastern side of the structure. Present displacement along the fault 
cannot be defined conclusively on logs, largely because of the wide 
spacing of wells bounding the proposed fault (Fig. 3). The two closest 
wells are 3.2 km (2 miles) apart and the elevation of the top of the 
Duperow in the we l ls differs by 61 m (200 ft). The present structure of 
the anticline is probably the result of Laramide t~ctonics (Gerhard et 
al. 1982), although the thinning of beds over thn top of the structure 
indicates that minor structural relief (less than 10 m or 30 ft) was 




Cross section of the Duperow Formation in the study aren s howing 
radioactive and electric log responses. The Duperow is shown to thin 
slightly on the structure . The interval cored in each well is indicated 
and the major lithologies are shown. The location of the cross section 
is shown on a Duperow structure map. The dashed line indicates the 
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History of Hydrocarbon Exploration 
The Duperow Formation became economically significant in the early 
1950s with the discovery of hydrocarbon resources in the Woodbend 
Formation (Fig. 2) in Alberta, Canada ( Layer et al., 1949; Geological 
Staff, 1950). Subsequent discoveries in North Dakota and Montana 
prompted the research divisions of major oil companies to make regional 
studies of the formation in the United States. Except for two regional 
st r atigraphic studies (Andrichuk, 1951; Baillie, 1955), these studies 
we r e propr ietary, and few detailed results were released to the public 
unt il 1967 (Wilson, 1967). 
Twelve years after Anderson's (1966) discussion of the petroleum 
pot ential of southwestern North Dakota, the first significant oil 
discoveries occurred on the Billings Anticline, in rocks of 
Mississippian age. The first major discovery on the anticline in the 
Duperow Formation was made by Tenneco a year l ater in Four Eyes Field. 
This set off a flurry of drilling and coring on the anticline that 
continues today, albeit at a s·lower pace. The prolific oil production 
of some wells and the limited success of offset wells is typical of 
Duperow production on the anticline. These traits suggest that the 
reservoir size and distribution are limited by rock petrophysical 
characteristics such as structure, diagenesis , depositional facies, or 
some combination of these (Burke and Heck , 1988a, 1988b; Burke, 1989). 
The Duperow Formation ranks third i n volume of hydrocarbons 
produced in North Dakota. The Billings and Nesson Anticlines (Fig. 1) 
have the greatest hydrocarbon production in the Duperow Formation in 
North Dakota (Pilatzke et al., 1987). In terms of barrels of oil, 
Duperow production on the Billings Anticline is second only to that on 
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the Nesson Anticline. Production along the Nesson Anticline is known to 
be associated with fracture porosity attendant to faulting, whereas on 
the Billings Anticline dolomite intercrystalline porosity seems to 
control reservo i r development. Regional and local studies suggest that 
most reservoir dolomite was formed diagenetically (Wilson, 1967; Burke 
and Stefanovsky, 1982; Ehrets and Kissling, 1985). 
The Billings Anticline area has produced over 7 million barrels of 
oil from the Duperow Formation since 1979. The numerous fields with few 
wells suggest that reservoirs are small, geologically complex, or both 
(Burke, 1989). A large number of wells have been drilled on the 
Billings Anticline because there are multiple zones of economic 
hydrocarbon reserves (Burke, 1989). This relatively intense exploration 
on the Billings Anticline has provided the greatest density of Duperow 
cores in North Dakota. Elsewhere, the number of core samples from the 
Duperow is limited because of the relatively great depth of the 
formation throughout the state. The coinci dence on the Billings 
Anticline of relatively abundant cores, high well density, and good log 
control presents a unique opportunity for studying the depositional 
environments and diagenesis of the lower Duperow Formation. 
Previous Work 
Recognition of the Duperow Formation in North Dakota waited on the 
whims of oil exploration, as the search for hydrocArbons moved from 
Alberta, into Mont ana, north to Manitoba, and ultimately into North 
Dakota with the discovery of oil on the Nessen Anticline. Remarkably 
little detailed work has been published on t he lower Duperow Formation 
in the Williston Basin. Previous studies have been done on a regional 
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scale with a very low density of cores and have focused on lithologic 
and depositional facies (Wilson, 1967; Wilson and Pilatzke, 
1987). Regional models of diagenesis have been postulated from few 
cores and logs. Attempts to detail diagenesis in an area with a high 
density of subsurface data are few. 
The cyclic nature of the Duperow Formation in Montana, 
western North Dakota (Fig. 4), and adjacent areas in Canada was 
discussed at length by Wilson (1967). His treatment of the formation is 
very thorough considering the paucity of data at that time. Wilson's 
data for the entire Williston Basin region were limited to 180 gamma-
ray logs and samples (including cores, chips, and cuttings) from 45 
wells. A microfacies study of the Beaver Lodge Field , North Dakota, was 
done by Pernichele (1964) as an unpublished Master's thesis. The 
petrography was published subsequently by Rich and Pernichele (1965). 
Hoganson (1978) extended the microfacies and depositional environments 
recognized by Wilson (1967) into eastern North Dakota in a detailed 
study of 5 cores previously unavailable to Wilson . 
A flurry of publications and presentations on the Duperow 
Formation appeared in 1982, in concert with the height of oil 
exploration in the Williston Basin. The discovery of oil in the Duperow 
Formation in the Billings Anticline in 1978 provided the data and 
stimulus for many of these publications. Th e gennrA ] facies, fabrics, 
and porosity of the formation were discussed in tal ks ( Burke, 1982) and 
presented in core poster sessions (Burke et al . , 1982; Burke et al., 
1983). The characteristics of Duperow hydrocarbon r eservoirs in the 
Billings Anticline were discussed by Altschuld and Kerr (1982) with 
only a brief, undocumented statement about diagen es i s i n the area. The 
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Figure 4 
Duperow Formation nomenclature and characteristic log signatures on the 
Bi l lings Anticline. Cycle designation follows Pilatzke P- t al. (1987), 
and Wilson (1967). The well logs are from the William H. Hunt Trust 
Estate Anna Osadchuk No. 1 (SW NW Sec. 23, T. 142 N. , R. 100 S.; NDGS 
#7000). GR= gamma-ray log; BHC = borehole compensat ed s onic log; FDC-
CNL = compensated neutron formation density log; DLL = dual lateral 
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on l y publication dealing specifically with Duperow Formation diagenesis 
was an abstract for a talk that never was presented ( Kissling, 
1982). This abstract briefly stated some of the diagenetic features 
observed, but did not offer a scenario for the diagenetic events. A 
detailed study of the porosity in the Duperow Formation of the Billings 
Anticline concluded that the diagenetic events were comp lex and that 
any predictability of porosity trends required a diagenetic model 
(Burke and Stefanovsky, 1982). An overview of Duperow product ion in the 
Williston Basin was given by Pilatzke et al . (1987). 
Kissling and Ehrets (1984) and Ehrets and Kissling (1985), in 
regional studies that included both Canadian and American portions of 
the Williston Basin, postulated a brining-upward sequence as the 
overall depositional scenario to account for the diagenetic features 
observed in the formation. Public disclosure of their detailed analysis 
was prevented by the commercial nature and scope of the project. Their 
brining-upward model conflicts with both the depositional model and 
tacit diagenet i c implications of Wilson (1967) and Wilson and Pilatzke 
(1987). 
Scope, Purpose, and Methods 
No published detailed accounts exist on the diagenesis of the 
Duperow Formation that integrate structure, lithology, depositional 
environments, and pore studies in either a regional or local sense. The 
purpose of this study was to develop a mode l of the depositional 
environments and diagenesis of the lower Duperow Formation in the area 
of the Billings Anticline of North Dakota, based on detailed analysis 
of extensive core samples, wireline logs , and well files. The model 
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will describe Duperow depositional environments and diagenetic history; 
and , it is hoped, will contribute to further hydrocarbon exploration. 
In this study, the lithotypes of the lower Duperow and their diagenetic 
features are first described and then are used to reconstruct the 
depositional environments and the sequence of diagenetic events. 
The Duperow Formation is a subsurface formation in the entire 
study area. The only part of the Duperow Formation that has been cored 
in this area is the lower part, approximat ely 90 m (300 ft) in 
th i ckness. The primary study area comprises 9 townsh i ps or approx-
imately 840 sq km (324 sq mi) and includes 11 oil fields and a portion 
of another (Fig. 5). An additional township width around the per imeter 
of the primary area constitutes the secondary study area. Logs and 
cores in the secondary area were used to refine the accuracy of the 
interpretation of structural and facies trends within the pr i mary study 
area. Data were derived from North Dakota Geological Survey cores or 
compiled from Survey wireline log and we ll files of 266 wells (Appendix 
A) . Wireline log data from electric, rad i oactive and mechanical logging 
tools were examined and evaluated with respect to their vert i cal 
sequence. Seismic information was not available for this study. Log 
cross-sections were constructed along the axial trend of the anticline 
and transverse to the axis of the structure. A varie t y of maps, 
including a structural contour map (Fig. 6) and nn isopachous map (Fig. 
7) of the entire Duperow Formation, were construc ted to aid in 
assessing structural or depositional effects on diagenetic events. 
The 17 cores (225 meters, 739 feet) available in the study area 
(Appendix B) were adjusted to the logs. Emphasis was placed on 
int erpretations of the depositional envi ronments suggested by the 
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Figure 5 
A map of the study area with oil fields outlined. All wells penetrating 
the Duperow Formation are shown in black, whereas gray well symbols 
indicate wells drilled in the area to shallower depths. 
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Figure 7 
An isopach map of the Duperow Formation. The Billings Anticline is 
indicated by thinning of Duperow beds on top of the structure. Contour 
interval is 5 ft (1.5 m). Only those wells penetrating the Duperow 
Formation are shown. 
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ver tical and lateral distribution of li thotypes, sedimentary and 
biogenic structures, and faunal composition. All cores were analyzed 
using standard whole-rock core techniques (Swanson, 1981 ). Core 
descriptions are listed in Appendix C. A standardized color chart 
(Goddard et al., 1948) was used to describe the color of lithotypes. 
Code numbers from the chart are given i n the core descriptions the 
first time a color is listed. Rocks were described using Dunham's 
(1962) textural classification of carbonate rocks and the expanded 
version proposed by Embry and Klovan (1971). The allochem that is most 
distinctive in defining the lithotype is listed first. The terms used 
for the description of porosity were proposed by Choquette and Pray 
(1971). A set of approximately 500 thin sections was prepared and 
analyzed petrographically. Petrographic characteristics were used to 
refine lithologic definitions, concepts of depositional environments, 
and diagenetic aspects that were determined from whole-core analysis. 
Staining techniques described by Friedman (1959) were used to 
differentiate carbonate minerals. 
A subset of thin sections was analyzed using the scanning electron 
microscope (SEM) and X-ray energy and wavelength dispersive systems to 
identify diagenetic minerals, primary minerals, pore geometry, and any 
unusual minerals encountered. Pore geometry was further analyzed by 
making epoxy casts of the pore system and examining them with the SEM 
(Burke and Stefanovsky, 1982). Insoluble residue~ of representative 
samples were recovered from the rocks by acid dissolution techniques 
(Ireland, 1971) and were analyzed using the X-ray diffractometer and 
SEM to determine their mineralogy and grain characteristics. 
Cathodoluminescence analysis was performed on fine-grained dolomites of 
-----~----- ------
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the hydrocarbon reservoir horizon to aid in evaluating diagenesis. 
LITHOTYPES 
Introduction 
"Lithotype" is used here to denote the combination of constituent 
allochems, grains, minerals, texture, and fabric characteristics that 
were found to comprise distinct subdivisions of the core samples. 
"Lithology" is used here largely to refer to the general rock name 
based on the principal mineral composition of the subdivision. Duperow 
Formation lithologies presently are mostly diagenetic overprints of 
depositional lithologies. In order of abundance, the present 
lithologies are dolostone, anhydrite, and limestone that have various 
amounts of clay minerals and quartz. Original depositional lithologies, 
in order of abundance, are interpreted to have been limestone, 
anhydrite, and dolostone. 
The distribution of dolostone, anhydrite, and limestone is 
generally uniform along the Billings Anticline, and the beds vary only 
slightly in thickness (less than 1 m). The principal diagenetic 
minerals are dolomite, anhydrite, and calcite. Subtle, gradual changes 
in the concentration of these minerals produce the lithologic 
variability. 
Lithotypes were defined on the basis of macroscopic examination of 
slabbed core and microscopic examination of the rocks in thin sections. 
Observations included mineralogy, sedimentary structures, and 
constituent components and their textural relations. Interpretations of 
depositional environments and diagenetic characteristics were 
incorporated where they were relevant to descriptions of the 
observations. This approach to facies determinations is similar to that 
proposed by Weller (1958) and Laporte (1967). The following eight 
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lithotypes were defined in the lower Duperow Formation: 1) 
lithoclastic, intraclastic floatstone; 2) burrowed brachiopod 
wackestone; 3) stromatoporoid, coral floatstone; 4) ostracode, peloidal 
grainstone; 5) poorly fossiliferous pelo idal wackestone to packstone; 
6) mudstone; 7) laminated to disturbed-bedded anhydrite; and 8) 
argillaceous, siliciclastic dolomudstone (Fig. 8). It should be noted 
that the lithotype names used here are more elaborate than Wilson's 
(1967) and Wilson and Pilatzke's (1987), but are essentially t he same. 
Detailed descriptions of the eight lithotypes are presented below 
and shown in Figure 9, while environmental interpretations, diagenetic 
characteristics, and models are presented in detail in subsequent 
chapters. To organize the observed lithotypes logically, they are 
presented in order of occurrence, from bottom to top, in what is 
interpreted to be a marine, transgressive, depositional cycle as 
defined by Wilson and Pilatzke (1987). The term cycle is used here in 
the same general sense as previous authors (Andrichuk, 1951; Baillie, 
1955; Wilson, 1967), with heed to Hoganson's (1978) more cautious use 
of "repet itions." Cycles are defined as the sequence of carbonates and 
evaporites that are capped by anhydrite and microcrystalline dolostone 
marker beds. Microcrystalline dolostone is used as a marker bed because 
of its distinctive (high) gamma-ray signa l on wireline logs. A 
sophisticated regional study is needed to understRnd more completely 
the cyclicity of the formation. 
29 
Figure 8 
Diagrammat ic representation of one generalized depositional cyc l e of 
the lower Duperow. The general stratigraphic relations of the 
depositional textures are shown relative to the lithotype names and 
numbers us ed in this study. 
LITHOTYPES 
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Photographs of slabbed cores showing lithological and textural 
characteristics of the lower Duperow formation. The top of cycle 3 is 
in the upper left corner of the plate and the bottom of cycle 3 is in 
the lower right corner, as is the top of cycle 2. All slabs are from 
Wm. H. Hunt Trust Estate , Dorothy Osadchuk No. 1 well. The depths of 
the cores are those indicated on core boxes. The top of the photographs 
corresponds to up for the cores. 
A. The argillaceous, siliciclastic dolomudstone lithotype. The two 
typical varieties of this l ithotype are shown. The upper portion (i) is 
laminated to thin bedded, graded, and intraclastic. The lower portion 
(i i ) shows the typical pyrite-defined patterned texture characteristic 
of this lithotype. (top of cycle 2, depth, 11,337.3 - 11,337.8 ft) 
B. The lithoclastic, intraclastic floatstone lithotype. Massive 
anhydrite infills fractures in the breccia at the top of this piece of 
core. (Depth, 11,335.7 - 11,336.2 ft) 
C. The lower third of the core (i) shows the burrowed brachiopod 
wackestone lithotype. The upper two thirds of the core (ii) show the 
stromatoporoid, coral floatstone lithotype. Anhydrite pseudomorphs of 
gypsum are seen replacing part of the stromatoporoid. (Depth, 11,326.0 
- 11,326. 5 ft) 
D. The ostracode, peloidal packstone lithotype . This example is 
interlaminated with some muds t one and grainstone. Fenestral (bird's-
eye ) structures common to this lithotype are filled with <:alcite and 
dolomite cements. (Depth, 11,317.8 - 11,318.3 f t) 
E. The lower core segment (i) shows the poorly fossiliferous peloidal 
wackestone to packstone lithotype. This is a good example of dolomite 
replacement in this lithotype. The dark, lower portion shows white 
anhydrite in a gastropod mold and burrowed sedi ments. Dolomite is 
ind icated by the grayish color at the top of the segment. The irregular 
downward distribution of dolom i te indicated by the mottling, is 
int erpreted to represent selective dolomitization in b11rrow sediments 
by downward migrating magnesium-rich brines. The upper u)n~ segment 
( ii) shows intraclastic floats tone interbedded with the poorly 
fo s siliferous peloidal wackestone to packstone l ithotyp0 Ll1Rt has been 
completely dolomitized. (Depth, 11,314.5 - 11,3 15.0 ft) 
F. The light colored lower third of the core piece (i) is typical o f 
the mudstone lithotype. The very thin interbeds of anhydrite (dark) 
wi t h the mudstone is typical, and often shows these subtlro enterolithic 
structures. The upper two thirds of the core (ii) shows an example of 






Lithotype 1: Lithoclastic, Intraclastic Floatstone 
This lithotype (Fig. 9B) is a dark yellowish brown (10 YR 4/2) to 
dusky brown (5 YR 2/2), very finely crystalline dolomite (60 to 125 
microns) with up to 22 percent silt, sand, and clay minerals. Lateral 
mineralogic variations are generally less than 20 percent for any one 
component and result from the addition of calcite and anhydrite. 
Original textures typically are obscured by both dissolution and 
dolomitization. Angular to well-rounded clasts and brachiopods are the 
principal discernible components. Rarely, pelmatazoan fragments and 
brachiopod spines are present in the matrix. Clasts range up to 7 cm in 
maximum dimension and average 2.2 cm. 
Lithoclasts are composed of greenish gray (5 GY 6/1), 
argillaceous, silty, sandy, microcrystalline dolomudstone. The 
lithoclasts commonly have alteration rinds and are well rounded. The 
occurrence of these lithoclasts is limited to a few centimeters above 
underlying beds of the same greenish gray dolomudstone lithology. 
Intraclasts are composed of dusky brown, very-finely to finely 
crystalline, rhombohedral dolomite with an obscure texture. The 
intraclasts are larger, in general, than the lithoclasts. The 
intraclasts range from well rounded to subangular; the larger 
intraclasts are more angular. Alteration rinds wcr~ observed only on 
the well-rounded intraclasts. Intraclasts occur in discrete horizons 
within 1 m of the base of the cycle. Similar intraclasts occur in the 
upper part of the cycle in lithotypes 4 and 5 (see below). Intraclast 
horizons at the base of the cycle (F ig. 9B) are 11p to several tens of 
centimeters thick and contain mostly rounded, subangular intraclasts 
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and some angular intraclasts. In contrast, horizons of intraclasts in 
the upper part of the cycle (Fig. 9E, i) are normally less than 10 cm 
thick and contain only rounded to subrounded intraclasts. 
Skeletal allochems appear to be sparse in this lithotype, but 
precise abundance, taxonomic diversity, and even presence cannot be 
det ermined because of pervasive dolomitization. Most skeletons are 
recognizable as molds, although the original brachiopod shel l 
mi neralogy (calcite) is preserved in some instances. Skeletons occur as 
d i sarticulated shells or as fragments. Pelmatazoan f r agments are less 
than 3 mm in largest dimension and are sparse. Narrow, elongate 
par ticles are interpreted as brachiopod spines although a diagnostic 
mi crostructure was not observed. 
Burrows, breccias, and possible borings are the principal 
sedimentary structures. Wispy, solution-seam stylolites are present, 
and are discussed below as diagenetic features. 
Insoluble residues range from 0.39 percent to 22.05 percent and 
consist of, in order of abundance, quartz silt, clay minerals, and 
siliceous sand. Highest concentrations are in the lower horizon 
containing the greenish gray intraclasts, whereas lowest values occur 
in the higher horizons. Most of the insoluble grains are det r ital, but 
anhydrite and quartz are common authigenic insolnhle minerals. 
The diagenetic features in the lithoclastic, intrac l astic 
l i t hotype represent replacement, dissolution, and cementation. 
Replacement i s dominated by dolomi te replacement of micrite ( Fig. lOA), 
with less abundant occurrences of anhydrite after. dolomite and calcite, 
and calcite after dolomite. Two phases of dolomitization are indicated 
by two sizes of dolomite rhombs. Those within intraclasts average 120 
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Figure 10 
A. Fine rhombohedral dolomite crystals that have replaced micrite. 
Patches o f anhydrite around the margins of vugs (irregula r black areas) 
are interpreted to be remnants from partial dissolution of anhydrite. 
Additional anhydrite that has not been dissolved is cP.men t i n dolomite 
intercryst alline porosity. Lithotype 1. 
B. Disso l ution of anhydrite cement and dolomite repl acive anhydrite . 
The alteration halos (closely-spaced changes of high- o rder colors at 
the edge of crystals) on the anhydrite suggest d i sso l uti o11 . The 
irregular dolomite rhombs suggest dissolution of the do l omi t e i tself or 
the anhydrite that may have replaced it. Lithotype l. 
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microns, whereas rhombs in the matrix average 80 microns . Thorough 
replacement by rhombohedral dolomite has resulted in excellent 
intercrystal l ine porosity. 
Dissolution appears to have been minor and has affected some 
skeletal allochems, anhydrite, and dolomite (Fig. lOA and B, and Burke 
and Heck, 1988b, Fig. 7 and Plate 2) . Some brachiopod shells have 
remained unaltered in a groundmass of dolomite, while others appear as 
molds (Burke and Stefanovsky, 1982, Fig. 4-4). Solution-seam stylolites 
are present, but not abundant. 
Cementation occurs as minor amounts of pore-filling calcite and 
anhydrite (Fig. l OA). Authigenic minerals present in some pores include 
clay minerals and doubly-terminated euhedral quartz. The alteration 
rinds which occur around some spherical i ntraclasts have been 
dolomitized. 
Lithotype 2: Burrowed Brachiopod Wackestone 
This lithotype (Fig. 9C) is a dark yellowish brown to dusky brown, 
very finely crystalline dolostone with an average insoluble residue of 
4.2 percent. Lateral mineralogic variations result both from incomplete 
dolomitization and from the addition of calcite and anhydrite. 
Brachiopods are the most abundant skeletal constituent, fol l owed, in 
order of relative abundance, by pelmatazoan fragments, stromatoporoids, 
and, rarely, gastropods. Skeletons, rarely intact, occur primarily as 
fragments or disarticulated valves or segments generally less than 3 mm 
in maximum dimension. Sorting is poor and the mot t led, wispy character 
o f the rock suggests thorough burrowing . The matrix is heavily 
dolomitized, but probably consisted original l y of micrite or fine-
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grained allochems. The burrowed brachiopod wackestone characterizes the 
marine portion of each cycle. In the lower part of the cycle , this 
lit hotype is interbedded with, and overlying, the basal intraclastic 
floatstone lithotype. Locally, this wackestone increases in f ossil 
content and grades into the matrix (Fig. llA) for the stromatoporoid, 
coral floatstone (lithotype 3, see below). Increased fossil content is 
as sociated with a decrease in recognizable burrow structures . 
The inorganic insoluble residue cont ent ranges from 0.81 to 9.74 
percent and consists primarily of secondary anhydrite and aut higenic 
clay minerals and quartz silt . Quartz euhedra were precipitat ed in pore 
spaces as doubly-terminated crystals between dolomite rhombs (Burke and 
Stefanovsky, 1982, Figs. 4-2 and 4-6). Organic content averages 0.63 
percent and ranges from 0.16 to 1.50 percent. 
Diagenetic features characteristic of replacement, dissolution, 
and cementation occur in the burrowed brachiopod wackestone lithotype. 
The predominant form of diagenesis is dolomitization by replacement of 
fine-grained sediments. Where this dolomitization has occurred, 
intercrystalline porosity has usually developed. Minor amounts of 
anhydrite and calcite have replaced dolomite. Dissolution is indicated 
by solution-seam stylolites and a few molds of brachiopod skeletons. 
The greater the fossiliferous content of this lithotype, the less 
abundant are skeletal dissolution and replacement. Micrite is the 
primary cement where it is unreplaced by dolomit e. Microspar is present 
locally and fills some skeletal molds and interc r ystalline dolomite 




A. Tabular anhydrite that has replaced parts of a coral and a 
stromatoporoid. The burrowed wackestone matrix is seen on the left side 
of the photograph. Large dolomite rhombs are seen in the upper right 
corner. Lithotype 3. 
B. Tabular anhydrite that has replaced peloids and intPrparticle 
calcite cement. Lithotype 5. 
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Lithotype 3: Stromatoporoid, Cora l Floatstone 
This lithotype (Fig. 9C) varies from a dark yellowish brown to 
grayish brown (5 YR 3/2), very finely crystalline dolostone, to a 
brownish black (5 YR 2/1) limestone. Increased dolomitization resulted 
in the lighter color, and the unreplaced calcitic allochems provide a 
gray cast. Primary textures vary widely with the concentration of 
massive skeletal allochems. Floatstones are the most common texture, 
but boundstones also occur. The matrix is generally a wackestone and 
more rarely a packstone. 
The principal allochems are stromatoporoids, corals , bryozoans, 
red algae, brachiopods, gastropods, and crinoids. Stromatoporoids are 
the principa l massive component; corals and bryozoans are less 
abundant. Smaller allochems are generally disarticulated, segmented, or 
fragmented, although whole brachiopods and disarticulated valves are 
not uncommon. 
Stromatoporoids and corals are commonly enc rusted with bryozoans 
or other stromatoporoids, and are often heavily bored. Several 
different stromatoporoid morphologies are present, including tabular, 
hemispherical, bulbous, encrusting, and branching types according to 
Kobluk's (1975) classification. The branching type (identified as 
Amphipora sp . ) is rare, fragmented, and restricted to the upper portion 
of stromatoporoid occurrences. Tabular morphologies are generally at 
the bottom and top of the stromatoporoid zones, whereas encrusting 
types commonly occur alone or associated with soli.tflry or encrusting 
corals. The encrusting, hemispherical, and bu]bons stromatoporoids are 
the major constituents of boundstones. 
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Corals are sparse, but not uncommon. Four morphologies (massive, 
encrusting, branching, and solitary) were recognized, but only two 
coul d be identified: massive Alveolites sp. and branching Thamnopora 
sp. Encrusting, branching, and solitary morphologies are the most 
common. The first two types are closely associated with massive 
stromatoporoids, commonly within boundstones, whereas the solitary 
f orms occur alone or thinly encrusted with bryozoans and 
stromatoporoids. 
Bryozoans and red algae are the other elements essentially unique 
to this zone. The bryozoans, which are common but not abundant, are the 
encrusting variety. No branching forms were observed. 
The red algae are identified tentatively as Parachaetetes sp. This 
i s the only certain alga in this lithotype. The alga commonly occurs as 
solitary grains among other skeletal debris, or, more rarely, 
encrusting the debris. A few of these algae occur in the overlying 
rocks. 
Burrows, bore holes, and solution-seam stylolites are the only 
s i gnificant structures present. Grains fractured by compact i on 
pressures are rare. 
Insoluble residue averages 3.12 percent with a range o f 0.38 to 
17 .49 percent. Replacive anhydrite appears to be the major constituent, 
with minor amounts of clay minerals, kerogen, an<l <loubly-ter minated 
quartz grains. 
The diagenetic features of the stromatoporoi<l, coral floatstone 
lithotype were produced by replacement and cementation. Replacement is 
dominated by dolomite replacement of micrite, followed i n terms of 
abundance by anhydrite replacement of dolomite and calc i te ( Fig. llA), 
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and calcite replacement of dolomite . Replacive dolomite is in the form 
of very finely crystalline rhombs. Intercrystalline dolomite porosity 
is common at the base of this lithotype and is frequently extensive 
throughout. 
Cementation is dominated by micrite, with minor amounts of 
calcite, dolomite, and quartz that fill shelter porosity (Fig. 12A and 
B). Syntaxial overgrowths occur within interskeletal pores, but they 
are volumetrically unimportant. Peloidal cement is common in borings. 
Lithotype 4: Ostracode, Peloidal Grainstone 
This lithotype (Fig. 9D) is a dark brownish black limestone with 
minor amounts of anhydrite, dolomite, and pyrite. This rock type is 
characteristic of the upper portion of the cycle and is commonly 
interbedded with poorly fossiliferous peloidal wackestone and 
packstone. Thin-bedded mudstones to peloidal packstones separate the 
grainstones from the overlying anhydrite . 
Peloids , the most abundant allochem, are well sorted, but bimodal 
in size, with the smaller size averaging 50 microns and the larger size 
averaging 238 microns in diameter (Fig. 13A and B). Ostracodes, the 
branchiopod crustacean Rhabdostichus sp., Umbellina sp., and brachiopod 
fragments are the only skeletal allochems observed in this zone. 
Ostracodes are very smnll and uniform in size , avPraging 650 microns. 
Skeletons commonly are associated with well-round ed intraclasts and are 
generally concentrated in laminations and cross-laminations. 
Intraclasts are generally less than 1.3 mm in longest dimension and are 
composed of mudstone, poorly fossiliferous wackestone, or ostracode, 
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Figure 12 
A. Cementation in stromatoporoid shelter porosity as seen in polarized 
light. Submarine cementation of geopetal sediments at the bottom of the 
pore has been disrupted by gypsum crystals. Gypsum has altered to 
anhydrite. Coarse dolomite crystals (dark gray) are seen along the 
righthand margin of the vug. Length-fast chalcedony partially replaced 
the coarse dolomite crystals and submarine micrite cement and overgrew 
gypsum crystals. Length-slow chalcedony and megaquartz (bright high-
order colors) partially filled the vug. Some coar se equant dolomite and 
calcite crystals (red) can be seen in the center of the vug . Large 
tabular crystals of anhydrite were dissolved and replRced by length-
slow chalcedony and megaquartz (left side of figure). Lithotype 3. 




A. Cementation of peloidal sediments and a fenestral pore. Bladed to 
equant isopachous rim cements are seen on peloids. Coarse calcite 
crystals overgrew the isopachous cements and filled the fenestral void. 
Lithotype 4. 
B. Fracture filled by oil and calcite cement. Isopacho11s rim cements 
can be seen on some grains. Lithotype 4. 
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peloidal grainstone. Alteration rinds and truncated grains are present 
in some intraclasts. Superficial ooids are present, but uncommon. 
Cross laminations, graded laminations , Chondrites-like burrows, 
solution-seam stylolite swarms, and fenestral (birdseye) pores are the 
principal sedimentary structures. Fenestrae are up to 1.2 cm long. 
Desiccation cracks, so lution vugs, and irregular laminations occur 
occasionally. 
Fracturing is common in this lithotype in all wells (Fig. 13B). 
Fractures generally show minor displacement and separation (less than 1 
mm). The fracture . voids are partially to completely filled with calcite 
cement, anhydrite cement, and/or oil. 
Insoluble inorganic residue averages 3.65 percent and ranges from 
0.63 to 11.84 percent, with clay minera ls the dominant insoluble 
constituent . Additional insoluble components, in order of decreasing 
abundance, are detrital grains and authigenic quartz, anhydrite, and 
pyrite. Detrital grains include potassium feldspar and quartz sand and 
silt. The feldspar grains are subangular and up to 150 microns long. 
Organic insoluble content averages 0.56 percent and ranges from 0.02 to 
1. 93 percent. Organic constituents include sporomorphs, bitumen, and 
minor amounts of oil trapped in fractures. 
Cementation. is the principal type of diagenPt i c process 
represented in the ostracode, peloidal gra i nstonP l ithotype, although 
minor amounts of replacement and recrystal l ization also occurred. 
Ca l cite cement predominates, and occurs as isopachous, void-fill ing 
(F i g. 13A), and micritic cement. Micrite fills the inside of some 
mo l lusk shells. The .primary voids are intraskeletal and interparticle, 
whereas secondary voids are in the form of fractures and fenes trae 
-----r -
49 
(Fig. 14A and B). Isopachous cements are bladed and acicular. Bladed 
cement commonly rims allochems (Fig. 13A), and acicular cement occurs 
as intraskeletal, syntaxial overgrowths. Void-filling cement is equant, 
increasing in size toward the center of voids. Where isopachous cement 
is present, equant cement overlies it (Fig. 13A). Some larger equant 
cements have two-phase fluid inclusions and show twinning. Some voids 
have a combination of dolomite, anhydrite, and calcite filling the 
pore. 
Dolomite, calcite, and anhydrite are the principal replacement 
minerals. Dolomite has replaced micrite along stylolites, which also 
l ocalize pyrite. Calc ite appears to be replacing dolomite in some 
voids, and anhydrite locally replaces both calcite and dolomite (Fig. 
14B). 
Accessory authigenic minerals are minor constituents and are 
infrequent in thin sections. Pyrite, feldspar overgrowths, doubly-
terminated euhedral quartz, and possibly some clay are the common 
authigenic minerals. Because of their rarity, it i s unclear i f the 
authigenic minerals are replacive or grew in pores. 
Li thotype 5: Poorly Fossiliferous Peloida l Wackestone To Packstone 
This lithotype (Fig . 9E) is a dark yellowish brown to a brownish 
b lack limestone with minor amounts of anhydrit e and dolostone. 
Packstone is less abundant than wackestone , but t his may be a 
diagenetic artifact resu i ng from the difficulty in distinguishing 
peloids from diagenet i cally altered muds. Vague outlines of apparent 
peloids in wackestone in this lithotype and i n the mudstone (lithotype 
6 , see be low) are in the same size range as thos e easily observed in 
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Figure 14 
A. Fenestral void in ostracode peloidal grainstone partially filled 
with anhydrite, calcite, and dolomite as seen in a thin-section in 
polarized light. Anhydrite replaced calcite and dolomite. Dolomite 
replaced peloids and interparticle cement. Coarse calcite crystals have 
replaced some dolomite. Lithotype 4. 
B. Scanning electron photomicrograph of Figure 14A as seen by back-
scatter electron imaging. Dolomite appears dark gray, calcite is medium 




packstones. A horizon of intraclastic floa t stone, generally less than 
10 cm thick, is locally interbedded with the poorly fossiliferous 
peloidal wackestone to packstone lithotype ( Fig. 9E, ii). These 
int raclasts look similar to those. seen in lithotype 1. 
Peloids, the dominant recognizable grain type, average 530 microns 
in size and range from 50 to 850 microns (Fig. llB). Skeletal allochems 
are sparse, and include associations of disarticulated or fragmented 
brachiopod and os t racode valves, spines, or pelmatazoan columnals, all 
les s than 2 mm in the longest dimension. Oncolites, not uncommon in the 
upper portion of t his lithotype, are seldom abundant except in 
as s ociation with packstones. 
Few sedimentary structures are we l l preserved, except for a few 
weakly developed cross-laminations in some of the packstones. 
Chondrites-like burrows occur in some of the packstones. Some water 
es c ape structures are present also (Burke and Heck, 1988b, Plate lB). 
Cementation is the principal diagenetic process represented in the 
poorly fossiliferous, peloidal wackestone to packstone lithotype. 
Cements are primarily micritic, although calcite spar, anhydrite, and 
wh i te, coarsely crystalline, baroque dolomite fill porosity in the 
Chondrites-like burrows. Locally, micrite has inverted to microspar. 
Some gastropod shells have been dissolved and the molds have infilled 
with calcite (Fig. 15). Sediment that filled the skeletal cavities and 
was cemented prior to dissolution of the shells forms intraclasts in 
some cases. Authigenic pyrite is present in small amounts. In some 
cases, this lithotype was thoroughly dolomitized to very finely 
crystalline dolomite. Intercrystalline dolomite porosity is the result 
of replacement of micrite by dolomite. 
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Figure 15 
A dissolved, aragonite, gastropod shell. Segments of the whorl are 
partially filled with geopetal sediments. Coarse calcite crystals f ill 
the disso l ved gastropod shell. Lithotype 5. 

55 
Lithotype 6: Mudstone 
This lithotype (Fig. 9F, i) is highly variable in mineralogy and 
color, but has less than 1 percent recognizable allochems. These 
carbonate mudstones grade in composition from limestone to dolostone. 
Colors range through dark greenish black or olive gray (5 Y 3/2) to 
pale yellowish brown (10 YR 6/2). Lighter co l ored rocks generally have 
a greater proport i on of micro- and very fine l y crystalline dolomite 
than do the darker rocks. Anhydrite is common in mudstone as felted 
(microcrystalline rods and needles), euhedra l , and lath crystals. 
The mudstone lithotype is most common and thickest in the upper 
part of the cycle , although it is also present at the base of cycles. 
The mudstone in the upper portions of the cycles overlies and is 
intercalated with wackestone, packstone, or gra instone. The upper 
contact of the mudstone also is gradational with anhydrite and 
anhydrite intercalated with mudstone. Thin, b lack, carbonaceous, shale 
layers commonly form wavy interbeds between mudstone and other 
lithotypes. 
Mudstone at the base of some cycles is associated with 
intraclastic floatstone (lithotype 1) and poorly fossiliferous 
wackestone (lithotype 5). In those cases, the mudstone is generally 
very finely crystalline dolomite, in contrast to the micrite and 
microcrystalline dolomite typical of upper cycle mudstones. 
Allochems are rare in mudstone and consist primarily of peloids, 
or valves of ostracodes or brachiopods . Diagenesis may have obscured 
recognition of peloids that could have been more abundant than is now 
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evident. Some peloids are clearly evident a t transitions of mudstone 
into anhydrite. 
The mudstone lithotype is laminated to thin-bedded. Laminated 
zones genera l ly occur only in darker rocks. Desiccation cracks, 
intraclasts, breccia , and salt-hopper casts (Fig. 16A) are not 
uncommon. The latter two structures are gene rally restricted to lighter 
colored, thin-bedded, microcrystalline dolos tone. Some laminations have 
irregular surfaces, suggesting they may have been of algal origin. 
Inorganic insoluble residue is 3.23 percent for the only sample 
examined. Pyr ite, clay minerals, and quartz silt are the ma i n 
constituents . Organic insoluble analyses of this sample, and seven 
additional samples analyzed by Exxon (Gregg Berkhouse, 1988 , personal 
communication), revealed an average total organic carbon of 0.46 
percent and a range of 0.00 to 1.89 percent. The high value of 1.89 
percent was from a black carbonaceous layer interbedded with overlying 
anhydrite. 
Replacement and recrystallization are the pr i mary types of 
diagenesis wh ich affected these mudstones. Dolomit e replacement of 
micrite, and anhydrite replacement of both micrit e and dolomite, were 
the dominant processes. Micrite locally has recrystallized t o 
microspar. Anhydrite crystals include felted, tabular, and barrel-
s haped morphologies. Pyrite crystals are framboj<lal and cubic. 
Li thotype 7: Laminated To Disturbed-Bedded Anhydrit e 
This lithotype (Fig. 9F, ii) consists of dark-colored anhydrite 
and lighter-colored dolomitic anhydrite . Co lors a r e nearly b lack, 
particularly olive black (5 Y 2/1) and brownish black, with pale brown 
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Figure 16 
A. Mudstone with molds of salt crystals that are fil] c d with felted 
anhydrite. Lithotype 6. 




(5 YR 5/2) more typical of dolomitic anhydrite . Crystal shapes range 
from felted to tabular and blocky. Felted textures predominate, with 
the more massive types commonly limited to narrow zones along contacts 
with other lithof ac i es. 
Pelo i ds and angular intraclasts are the on ly a llochems associated 
with this lithotype . Allochems appear quant i tatively mi nor, 
concentrated along contacts with other lithotypes, and in thin beds 
proximal to such contacts. Intraclasts are fragments of anhydritized 
thin beds, are generally less than 1 cm long , and form breccias that 
are concentrated in thin beds. 
Thin beds, laminations, and disturbed bedding are typica l of the 
anhydrite lithotype. Pseudomorphs of gypsum crystals precipitated on 
bedding planes occur in some samples. Enterolithic structures are 
common, but not abundant, and genera l ly are best developed in 
millimeter-scale laminae. Larger, diffuse, nodular masses of anhydrite 
t hat disrupt bedding may represent enterolith i c structures a l so; if so, 
their scale is larger than the core. Nodules a re neither common nor 
we l l developed and a r e generally less t han 2 cm in diameter. Where 
present, nodules are concentrated in argill aceous and microcrystalline 
do l ostone . 
Total organic carbon data from a th i n b lack bed within the 
anhydrite showed an average of 1.89 percent with R range of 1 .78 to 
1 . 98 percent. No inorganic insoluble res i due da tn were collected for 
the anhydrite. 
The principal diagenetic features i n t he laminated to disturbed-
bedded anhydrite lithotype were formed by replacement or cementation. 
Anhydrite replacement of gypsum predom i nated, a lthough anhydr ite 
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replacement of dolomite and calcite occurred in overlying and 
underlying mudstones. Anhydrite replaced pe l oids and very finely 
crystalline dolomite as well as microcrysta l line carbonates. 
Lithotype 8: Argillaceous, Siliciclastic Do l omudstone 
This lithotype (Fig. 9A) is a greenish gray, patterned, 
microcrystalline dolomudstone that contains siliciclastic clay, silt, 
sand, and, less commonly, rounded intraclasts. The patterned appearance 
of the rock is distinctive (Fig. 9A,ii). The patterns occur as complex 
shapes of localized alternat i ons of light and dark greenish gray 
colors, frequently highlighted by concentrations of dark minerals, 
including pyrite and, probab l y, a mixture of clay minerals and organic 
residues. Patterned texture i s discussed be l ow as a diagenetic feature. 
This lithology produces distinctive gamma-ray deflections used to 
recognize the top of deposit i onal cycles. In many cores, laminations 
and cross-laminations in the upper few centimeters overlie the 
patterned character. The dolomite is predominantly microcrystalline 
(Fig. 16A) with rhombs up to 10 microns in diameter, although there are 
minor occurrences of larger (up to 50 microns) rhombs. 
The weight percent of inorganic insoluble residue averages 30.47 
percent in the patterned zones and 18.63 pe r cent in the laminated 
zones. Organic residue weight percent averages 0 . 43 percent in the 
patterned zones and 0.66 percent in the laminate<l zones. The organic 
material is associated with pyrite. 
Clay minerals in this lithotype consis t s of illite, 
montmorillonite, and chlorite . Quartz, anhydrite, and potassium 
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feldspar comprise the silt and sand-sized fraction. Sand in the 
patterned mudstone is uniformly disseminated, whereas in the laminated 
mudstones sand and silt are concentrated at the base of the 
laminations. The sand is primarily very fine, although very coarse 
gr ains up to 2 mm are not uncommon (Fig . 16B) . Intraclasts are commonly 
1 cm in diameter, although they range up to 4 cm. Intraclasts are most 
common in core where laminations cap the facies. The intraclasts are 
we ll rounded, frequently show alteration rinds, and often are reworked 
i nto the ove r lying intraclastic floatstone (lithotype 1). Anhydrite 
occurs as a detrital , authigenic, and replacement mineral. Detrital 
anhydrite is present as silt to pebble-sized particles. Pyrite is 
present in cubic crystals and the framboidal form. 
The bounding contacts of this lithotype are variable in geometry 
and transition style. The upper contact is generally abrupt, whereas 
the lower contact is more frequently gradational. Upper contact 
geometries include suture-seam stylolitic (less than 3 cm in amplitude, 
less than 1 mm thick), wavy solution-seam stylolitic swarms, eroded 
surfaces, or infilled karst. The lower contact geometry is variab l e as 
are contacts with the underlying anhydrite and mudstone. Contacts range 
f r om various stylolitic types, such as non-sutured solution-seamed and 
sutured solution-seamed (Wan l ess, 1979), to gradational. 
Laminations, cross laminations, scours , and graded bedding are 
distinctive sedimentary structures in this f acies. Laminations are 
generally up to 2 mm thick and are both horizontAJ and inclined (Fig. 
9a, i). Cross-laminations are l cw -angle, general l y up to 10 degrees, 
although some intraclastic zones appear to be at nearly 20 degrees. 
Laminations commonly show fining-upward gradations. Clean, moderately 
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well-sorted sand and silt define the basal unit of individual 
laminations, which also often include rounded intraclasts. Cut-and-fill 
structures, on a 2-mm scale, indicate scouring. Dark, thread-like 
structures anastomosing downward from the contac·t are common at both 
patterned and laminated contacts. The dark coloration is caused by 
pyrite, in some cases, and presumably by organic material and clay, in 
others. Karst features include cracks that are v-shaped downward, 
alteration or cementation rinds on crack edges, and detrital grains 
settled into the cracks. Detr i tal grains commonly display alteration 
rinds and consist of reworked and rounded grains of the host rock. 
Replacement, recrystallization, dissolut ion, authigenic 
mineralization, and cementation are the primary forms of diagenesis in 
the argillaceous, siliciclastic dolomudstone lithotype. Replacement is 
most apparent as anhydrite replacement of dolomite. It is most likely, 
but undemonstrable, that microcrystalline dolomite replaced micrite 
that was both primary and detrital. Recrystallization is unprovable, 
too, but is interpreted to have consisted of detrital dolomite and 
anhydrite that were altered neomorphically to microcrystalline 
morphologies. Cementation by dolomite was early and overlapped with 
recrystallization, compaction, and dissolution processes. Quartz 
overgrowth cement is common on quartz grains and cements silt and fine 
sand to form crystal aggregates. Potassium f e]dspar occurs as euhedral 
overgrowths on feldspar grains. Illite is interpreted to be a 
diagenetic product from the weathering of kaolinite in an alkaline 
environment, as suggested by Dunn (1975). Magnesium ions released in 
that process wou l d contribute to dolomitization by raising t he 
magnesium/calcium ion ratio. 
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Pyrite is the most common authigenic mineral . It is present in 
both framboidal and cubic crystal habits. Pyrite can form as the result 
of sulfate-reducing bacteria providing free s ulfur to combine with free 
iron (Lippmann, 1973). 
Porosity formation occurred through the dissolution of grains . The 
type of grain can only be inferred from the pore geometry. Many pores 
have the shape o f sand grains, which suggests dissolution of quartz or 
feldspar. Dissolution of quartz has been reported from environments 
with similarly inferred high alkalinity (Knauth, 1979). 
Insoluble Residue Ana l yses 
Insoluble r esidue analyses provide information on extrinsic 
factors affecting the carbonate system, particularly those useful for 
understanding deposi t ional history and diagenesis. The three principal 
sources of the insoluble residues are the i n flux of terrigenous 
materials, production of organic materia l , and diagenetic 
mineralization. 
Insoluble residues from the lower Duperow Formation are composed 
of both inorganic and organic constituents t hat vary within and between 
lithotypes . Total residue weights range from 38 percent in s ome of the 
marker beds to less than 0.4 percent in some of the wackestone and 
floatstone beds. The amount of inorganic ins olubl e residue ranges from 
34.78 percent to 0.38 percent, whereas the organ ic portion ranges from 
a high of 1.93 percent to 0.00 percent (Fig. 17 And Appendix D). 
Organic residue concentrations are rel atively high for carbonates 
in all the major lithotype categories (Fig. 17) with the single largest 
values in the pelo i dal lithotypes 4, 5 and 6 ( 1. 93 percent), and the 
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Figure 17 
Graphs of inorganic and organic insoluble residues from cycles 2 and 3 
of the lower Duperow. The mean percentage by weight o f insoluble 
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anhydrite lithotype 7 (1.89 percent). The organic fraction appears 
amorphous under the microscope except where sporomorphs (Jodry and 
Campau, 1961; Kent, 1963) are present. The amorphous portion is assumed 
to be kerogen. Analysis of samples for Exxon indicate organic 
contributions by both terrestrial and marine sources (Gregg Berkhouse, 
1988, personal communication). 
Amounts of i norganic insoluble residues are highest in the 
siliciclastic do l omudstone (lithotype 8) where they are characterized 
by clay, silt, sand, and pyrite, whereas the lowest concentrations are 
in wackestone (lithotype 2) and floatstone (lithotype 3) where they are 
characterized by anhydrite, quartz, pyrite, and some clay minerals. 
I nsoluble minerals in the wackestone and floatstone lithotypes are 
characteristically euhedral, indicating a diagenetic origin, whereas 
t hose in the other lithotypes are primarily detrital in origi n. 
Minerals of inorganic residues include quartz, potassium feldspar, 
anhydrite, pyrite, ilmenite, chlorite, illite , and clays of the 
smectite and mixed layer smectite/illite families . Quartz, f eldspar, 
anhydrite, and clay appear to be the most abundant minerals, although 
no quantification was attempted. All of the minerals except the clays 
occur as both detrital and authigenic minerals. Feldspathic cement was 
observed in only one sample each in the ostracode peloidal lithotype 
(lithotype 4) and the dolomudstone (lithotype 8) and was considered to 
be relatively unimportant . The potassium feldspar cement occurred as 
authigenic overgrowths on a few feldspathic s i lt grains. Detrital 
quartz ranges from silt to very coarse sand, and feldspars from silt to 
coarse sand . Authigen i c quartz is most spec t acul a r as doubly terminated 
euhedral crystals with molds of dolomite rhombs ( Burke and Heck, 1988b, 
T 
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Fig. 7H), although it also occurs as overgrowth cements. The overgrowth 
cements contribute to the frosted appearance of grain surfaces. Sand is 
concentrated in the microcrystalline dolomite marker beds of the 
dolomudstone (lithotype 8), although it also occurs in the peloidal 
lithotypes (lithotypes 4, 5, and 6), and was apparently reworked into 
the basal intraclastic lithotype. 
ENVIRONMENTAL INTERPRETATIONS 
Environmental interpretations were based on criteria compiled for 
t he recognition of marine depositional environments (Heckel, 1972; 
Wilson, 1975), carbonate depositional environments (Scholle et al., 
1983), upward-shallowing sequences (James, 1984), evaporite deposits 
(Kendall, 1984; Warren and Kendall, 1985; Logan, 1987), and tidal 
deposits (Hardie, 1977a; Shinn, 1983b; Hardie and Shinn, 1986). The 
three depositional environments recognized here are supralittoral, 
perilittoral, and sublittoral, modified from Hedgpeth's (195 7) 
bathymetric subdivisions of supralittoral, littoral, and sub l ittoral. 
The more general term perilittoral is used here rather than littoral 
because no sedimentary features are restricted solely to a littoral 
environment. 
Bathymetric zonation using derivatives of the term tidal were 
avoided because evidence for astronomical t i des is minimal (see 
ostracode, peloidal grainstones below) and because theoretical 
considerations suggest the absence of astronomical tides in epeiric 
s eas (Shaw, 1964; Irwin, 1965). The use of Hedgpeth's (1957) 
t erminology does not preclude the existence of either astronomical 
tides or nonperiodic rises in sea level, such as wind set-up or storm 
tides. Persistent seasonal winds with high mean velocities are a major 
factor in carbonate-evaporite sedimentation in Western Australia and 
the Persian Gulf (Shinn, 1973; Logan, 1987). 
An example of an environmental interpretat ion combined with the 
characteristics of the lithotypes is presented i n Figure 18. This core 





Schematic diagram showing the relations between cycles, lithotypes,and 
depositional facies for a core from the William H. Hunt Trust Estate 
Dorothy Osadchuk No. 1 well (North Dakota Geological Survey No. 7097). 
The term "high" in the supralittoral portion of the facies column 
indicates sedimentation under subaerial (dry or phrea tic) conditions 
and "low" indicates sedimentation under subaqueous or phreatic 
conditions. The term "high" in the perilittoral port i on indicates 
predominantly subaqueous conditions with brief, intermittent subaerial 
phreatic conditions , whereas "low" indicates subaquP-ous conditions . 
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example of the repetition of lithotypes that is characteristic of the 
lower Duperow. Burke and Heck ( 1988b) brief l y described this core and 
provided a brief interpretat i on of its depositional environments. The 
environmental interpretations of the eight l ithotypes described in the 
previous section are presented below. The term "restricted" is used 
below in much the same sense as used by Wilson (1967) to indicate 
fluctuating salinity, temperature, and poss i bly turbidity, oxygen, and 
nutrient levels. 
Lithotype 1: Lithoclastic, Intraclastic Floatstone 
This lithotype has two variations, each one representing a 
d ifferent depositional environment, one sublittoral and the other 
perilittoral. The diagnostic characteristics that distinguish between 
them are differences in number of clasts and types of matrices and 
bounding strata. 
The lithotype representing a sublittoral environment is 
distinguished by a mixture of_ rounded lithoclasts, rounded intraclasts, 
and angular intraclasts, all in a mudstone to poorly fossiliferous 
wackestone matrix. The few fossils observed were brachiopod fragments. 
The burrowed character of the matrix and the fossils are characteristic 
of a sublittoral environment (Wilson, 1975) and indicate that the 
clasts were reworked in a sublittoral environment. 
Breccia is generally considered to be a prod11ct of subaerial 
solution collapse (James, 1984), but Hagan and Logan (1974) report 
breccia occurrences in the Holocene transgressive, basal-sheet deposits 
of Shark Bay, Western Australia. Three pieces of evidence suggest that 
the lower Duperow breccia originated from solution collapse: 1) the 
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angularity of the clasts; 2) the possibility of visually removing the 
matrix and reconstructing the breccia (Fig. 9B); and 3) the occurrence 
of white anhydrite separating the clasts. James (1984) reported remnant 
anhydrite associated with incomplete dissolut ion of evaporite in 
similar sequences. The Duperow breccia probably formed from the 
dissolution of evaporites under areas of indurated, evaporite-basin 
deposits. An alternative explanation, with a suggested modern analog 
for such a process, is that the breccia resulted from a reworking of a 
transgressive sabkha (backstepping) similar to that on northwest Andros 
Is l and, Bahamas (Shinn, 1986). There are not enough data available to 
ru l e out this possibility conclusively. 
The two types of rounded clasts in the sublittoral lithotype are 
the greenish gray, microcrystalline, dolomudstone lithoclasts and the 
brown, coarsely crystalline, dolomite intraclasts. Both types have two 
varieties: one wi th alteration rinds and one without. Greenish gray 
l i thoclasts without rinds were eroded from t he surface being 
t r ansgressed. Wave action scoured out and rounded pieces of the surface 
before the l i thoclasts became incorporated into the transgressive 
deposits. Alteration rinds on some greenish gray lithoclasts indicate 
they were gravel on the surface prior to transgression. These 
li t hoclasts are simi l ar to the calcrete-coated lithoclasts that Hagan 
and Logan (1974) reported from the indurated pre-Holocene surface of 
Shark Bay and similar to the lithoclasts at the pre-Holocene contact at 
Lake MacLeod (Logan, 1987). 
The brown intraclasts originated as part of the transgressive 
ca rbonate-evaporite sequence from which the breccia was formed. This is 
i nferred from the similarities in depositional texture, composition, 
r 
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and diagenesis. Some of the brown intraclasts with alteration rinds 
also have desiccation cracks. These features indicate subaerial 
exposure of the intraclasts before reworking and redeposition. The 
intraclasts with alteration rinds are interpreted to have formed during 
a desiccation phase on the surface of an evaporite basin. The coated 
intraclasts formed by processes similar to those resulting in pisolites 
in the Lake MacLeod evaporite basin (Handford et al., 1984; Logan, 
1987). The other brown dolomite intraclasts that do not indicate 
subaerial processes are probably reworked mudstones from a carbonate 
phase of evaporite basin deposition. Borings in the brown intraclasts 
suggest induration, but it is unclear whether the boring occurred 
subaerially or in submarine hardgrounds. 
The matrix of the sublittoral lithotype is burrowed and contains 
few skeletal remains. This probably indicates that the sabkha or 
evaporite basin deposits were reworked under sublittoral conditions 
(Wilson, 1975). Small skeleton size, low abundance, and low faunal 
diversity in the matrix suggest stressed, sub-normal, marine 
conditions. Water quality was undoubtedly poor for marine life with 
skeletons. High turbidity, hi gh salinity, and possibly high nutrient 
levels would result from reworked regolith t hat probably included 
evaporites. Poor circulation , inherent in this restricted basin, would 
impede the improvement of water quality. High nutrient levels may be 
indicated by the dark color of the rocks, which cnn be attributed to 
organic residue. Hagan and Logan (1974) reported that a salinity shift 
from oceanic to hypersaline concentrations accompanied the Holocene 
transgression and was recorded in the basal-sheet sediments of Shark 
Bay. The Duperow sublittoral intraclastic floatstone lithotype was 
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probably deposited by processes similar to thos e which formed the 
sublittora l basal sheet of Hagan and Logan (1974 ). 
Intraclasts in the perilittoral depositional environment are 
rounded to subangular in a poorly fossiliferous ·peloid wackestone 
matrix. Ostracodes and a few brachiopod shells a re the common fossils. 
The intraclasts are interpreted to have resulted from the reworking of 
sediments in shallow water, possibly by storms (James, 1984; Hardie and 
Shinn, 1986; Logan, 1987). 
Li thotype 2: Burrowed Brachiopod Wackestone 
The association of brachiopods, pelmatazoan fragments, and a few 
rugose corals in a burrowed wackestone matrix indicate that this 
l ithotype is the product of a shallow shelf, sublittoral environment 
with normal marine conditions (Wilson, 1975; James, 1984). The 
abundance of muddy textures, however, suggest s poor circulation and 
l ess than ideal water quality for marine organisms . Deviations from 
ideal marine conditions are suggested also by the relatively high 
insoluble residue content (Fig. 17), and the low diversity of fauna. 
These rocks have been interpreted by other authors as normal marine 
deposits (Wilson, 1967; Ehrets and Kissling, 1985 ). 
Lithotype 3: Stromatoporoid, Coral Floatstone 
The association of a variety of corals , anr,~stors of red algae 
( Solenopora), and a variety of morphologies of stromatoporoids, 
bryozoans, and molluscs are suggestive of normal marine sublittoral 
deposition (Wilson, 1975; James , 1984) . Aggregat es of these organisms 
are interpreted to represent banks that built above the surrounding 
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substrate to heights where they became affected by wave processes . 
Abraded, well-sorted, skeletal debris assoc i ated with some peloids and 
ooids in wackestone to grainstone textures are evidence for shoaling. 
Poor-quality marine waters are inferred from the high insoluble-residue 
content (Fig. 17) and apparent low faunal d i versity. Although no 
thorough paleontologic studies have been done on fauna of the Duperow 
Formation in the Williston Basin, diversity is considered low (Wilson, 
1967) when compared to that seen in rocks o f equivalent age in the 
r eefs of Alberta (Embry and Klovan, 1971) o r the Cerro Gordo Member of 
the Lime Creek Formation of I owa (Hoganson, 1978). 
Frequent fluctuations from marine to hypersaline conditions are 
t hought to be the principal stress factors in this environment (Wilson, 
1967 ; Hoganson, 1978). The insoluble residue content (Fig. 17) is an 
i ndication of potentia l biological stress by turbidity and possibly 
eutrophic nutrient levels (Adey et al., 1977 ; Hallock and Schlager, 
1986), in addition to stresses imposed by changing salinity. 
Lithotype 4: Ostracode, Peloidal Grainstone 
These rocks were deposi t ed in restrict ed, perilittoral, shallow-
marine waters . The presence of pyrite suggests periods of reducing 
conditions . The abundance, size, and composition of the detrital 
minerals suggest turbidity. The source of t he detrital minerals was 
probably both eolian and fluvial . Low faunal abundance and diversity, 
dominated by ostracodes , suggest anomalous marin0. salinities (Wilson, 
1975) . Hypersal i nity is probab l e because o f the close vertical 
as sociation with anhydrite. If the detrital grains are indicative of a 
fluvial source, however, it is possible that euryhaline conditions 
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existed. The occurrence of sporomorphs and high organic concentrations 
indicate substantial nutrient levels. The source of nutrients could be 
fluvial, although upwelling has been suggested as a source in 
comparable situations (Heckel and Witzke, 1979 ). A fluvial source for 
t he nutrients could account for the high levels o f insoluble residues 
and their composition. 
Boring occurred in a uniform horizon, which indicates hard or firm 
grounds . Early cementation indicates the possib i lity of hardgrounds. 
These deposits are very similar to deposits in Shark Bay, Australia, 
t hat are forming today under hypersaline conditions (Hagan and Logan, 
1974), and they also resemble the Holocene carbonates below the 
evaporites in Lake MacLeod, Australia (Logan, 1987). These analogous 
cases represent deposition in metahaline (greater than 43 ppt) to 
hypersaline (greater than 62 ppt) environments . 
The fine-grained, cross-laminated peloid grainstone to packstone 
t extures are identical to those reported by Shinn (1986) in the 
supratidal zone on the backside of tidal channel levees on Andros 
I s land, Bahamas. Similar laminations could form i n a shallow, 
s ubaqueous setting or from storm deposits. It is not possible to tell 
conclusively which interpretation is the correct one for this sample. 
Similar characteristics in Duperow rocks were i nterpreted to represent 
deposition in a restricted, shallow shelf, ma r i n0 env ironment (Wilson, 
1967; Ehrets and Kissling, 1985) . 
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Lithotype 5: Poorly Fossiliferous Peloidal Wackestone To Packstone 
The fossil association of brachiopods, oncolites, ostracodes, and 
burrows are interpreted as indicative of a restricted, sublittoral, 
shallow shelf, which agrees with Wilson (1975). The low diversity and 
abundance of fauna suggest stressed water conditions (Heckel and 
Witzke, 1979), as do the high levels of insoluble residues. The 
abundance of muddy textures indicates a low - turbulence environment. 
Wackestone textures which grade upward into packstone textures indicate 
reworking by currents or organisms. Proxim i ty to wave base is implied 
by the presence -of oncolites (Hardie and Shi nn, 1986). The scarcity of 
sedimentary structures suggests churning of the sediment by burrowing 
organisms such as those creating the Chondr i tes-like burrows. Other 
workers also have interpreted similar lithotypes as restricted marine 
(Wilson, 1967; Ehrets and Kissling, 1985). 
Lithotype 6: Mudstone 
These rocks were deposi t ed in sublittor al, perilittoral, and 
s upralittoral settings. Sublittoral rocks we re deposited as part of the 
s tressed, highly turbid conditions associat ed with the transgression. 
The relatively high levels of insoluble residues and their fine-grained 
s ize are consistent with an interpretation o f t11rhid environments. 
Skeletal allochems associated with these rocks w0rP. reworked downward 
by burrowers from overlying, normal marine deposi.ts. 
A clear distinction between high perilittornl rocks and 
supralittoral rocks is difficult. The former are so designated on the 
basis of their l ack of evidence of deposition in the sublittoral and 
their vertical relationship with over l ying beds that have clear 
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evidence of subaerial sedimentary processes. Mudstones without 
structure are either storm-surge or tidally-deposited sediments that 
remained moist, or are direct chemical precipitates from brines. Storm 
surges would have carried skeletal allochems in with the mud. The dark 
color is attributed primarily to organic material, and its occurrence 
with pyrite suggests reducing conditions. Mudstones with des i ccation 
features are included in the supralittoral zone. Their light colors 
suggest the oxidizing conditions of a subaerial environment. Based on 
modern analogs described by Schreiber (1978 ) , this environmental 
interpretation is consistent with the salt-hopper precipitation and 
preservation found in this l i thotype. 
A rather uncommon, dark , blackish-green, calcitic mudstone to 
poorly fossiliferous wackestone occurs above the anhydrite lithotype 
(see below). This deposit is interpreted to represent a supralittoral 
pond where a few hardy organisms lived or into which they were washed. 
The lateral discontinuity of this limestone, in addition to its 
mineralogy, its stratigraphic position above the anhydrite, and its 
constituent skeletal allochems, suggest deposition in a body of water 
i solated from normal marine waters. 
Lithotype 7: Laminated To Disturbed-Bedded Anhydrite 
These rocks were deposited in the supralittorAl zone in a sabkha 
or evaporite-basin environment. The vertical seq11Pnce of mudstone and 
anhydrite is consistent with an evaporite bas in ns seen in Lake MacLeod 
deposits (Logan, 1987). A similar sedimentary sequence is possible 
within a sabkha (Purser, 1973). Desiccation featnres and microbreccias 
in muds that are interbedded with anhydrite indicate an evaporative 
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setting. Intrastratal precipitation of anhydrite is indicated by the 
enterolithic growth of anhydrite and by disrupted bedding. Subaqueous 
deposition is suggested by anhydrite pseudomorphs of gypsum that are 
i nterpreted to have been precipitated in brine pond waters. 
The dark color of some of the anhydrite is attributed to 
cyanobacterial organic material. High salinity inhibits oxidation of 
organic material and accounts for the high insoluble organic values. 
High salinity would also exclude organisms that might feed on the 
organic matter . 
Lithotype 8: Argillaceous, Siliciclastic Dolomudstone 
Dolomudstone was deposited in the supralittoral zone as sediment 
and chemical precipitates on a deflation surface of a sabkha or 
evaporite basin subject to ephemeral sheet flooding. Sheet flooding 
across the surface of the basin is indicated by the graded laminations, 
cross laminations, rounded intraclasts, and high concentrations of 
siliciclastic sand and silt. Cut-and-fill structures and the gravel 
size of intraclasts indicate the substantia l magnitude of the hydraulic 
forces. Karst surfaces at the top of the do l omudstone are indicated by 
the angular intraclasts, by alteration or cementation rinds on 
intraclasts and surfaces, and by angular surfaces. Reddish brown 
sediments associated with some of these sur f aces s11ggest oxidation of 
clay minerals. 
The downward, thread-like, anastomosing str11ctures at the top of 
cycle 2 may represent root remains, but this is 11nclear. They also may 
be interpreted as mud-injection structures. 
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The patterned character of this lithotype is diagenetic and is 
probably the result of multiple events of dissolution and 
reprecipitation of minerals. Logan's (1987) majanna i n the Lake MacLeod 
evaporite basin is an environment subject to the multiple events that 
could produce this lithofacies. The term majanna was proposed by Logan 
( 1987, p. 24) for an environment unique to marine evaporite systems. 
The definitive characteristic is the persistent imbalance between 
evaporitic outflow and seepage inflow. A phreatic brine table occurs 
within the sediments where the level of the brine table fluctuates 
through capillary action. The fluctuations occur in response to a 
variety of factors including the rate of evaporation, the chemistry of 
the brine, and the permeability of the sediment. The deflation, 
dissolution, and precipitation processes in this setting are subject to 
the incorporation of silt and clay by eolian processes, as well as the 
incorporation of coarse sand by ephemeral stream avulsion or sheet 
flooding. 
Insoluble Residues 
Previous authors have noted the occurrence and character of 
insoluble residues in the upper Duperow. Sandberg and Hammond (1958) 
reported clay, silt, and quartz sand, with well-rounded, frosted grains 
most common. Rich and Pernichele (1965) obs e rved the same insoluble 
minerals as well as fluorite and a grain of zircon. They conjectured 
t hat frosted surfaces of the quartz grains might he the result of 
marginal replacement and corrosion by the enclosing dolomite as had 
been observed elsewhere (Page and Carozzi, 1962) . Wilson (1967) 
reported essentially the same mineralogic occurrences and emphasized 
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that the clay mineral was mostly illite. Wilson ( 1967, p. 261, Fig. 13) 
also mapped the regional distribution of these sands and silts using 
their associated gamma-ray deflections which marked the tops of cycles 
1, 4, 5, and 6. The insoluble residue data in this study are from 
cycles 2 and 3. 
Dunn (1975) reported quartz, kaolinite, and illite in one 
dolomudstone, but not sand or silt . Dunn pointed out that the highly 
alkaline physiochemical setting was ideal for the alteration of 
kaolinite to illite, releasing magnesium ions for dolomite formation 
and iron ions for pyrite formation. He proposed ephemeral sheet-flood 
deposition as a source for the detritus, whereas Wilson (1967) and 
Wilson and Pilatzke (1987) suggested eolian processes. Wilson's (1967) 
map shows sand and silt at the top of cycle 6 in one of the two wells 
he studied in southeastern Saskatchewan . A pertinent observation by 
Dunn was that most of the surrounding terrain during Duperow deposition 
was carbonate, so explanations using eolian processes are complicated. 
Burke and Stefanovsky (~982) reported t he occurrence of both 
detrital and authigenic insoluble residues and discussed their 
relevance to porosity and the development of hydrocarbon reservoirs. 
The presence of insoluble residues in some pores and the mineralogy of 
these residues present potential problems f or successful economic 
development of hydrocarbon resources . 
DEPOSITIONAL MODEL 
Introduction 
The repetition of the carbonate and evaporite lithologies that 
comprise the Duperow Formation has been l ong recognized and has been 
attributed to periodic marine deposition terminated by evaporation 
(Andrichuk, 1951) . Explanation of t he cause o f this cyclic repetition 
was one of the primary objectives of Wilson's (1 967) definitive paper 
about the Duperow. Wilson ( 1967; 1975) and Wi lson and Pilatzke (1987) 
concluded that Duperow l ithologies represent s ediments deposit ed on a 
shallow shelf in a vast back-reef lagoon more than a thousand 
kilometres wide. · The lagoon filled with evaporite sabkha sediments 
prograding over normal marine sediments . Studies of sabkha deposition 
in the Persian Gulf served Wilson ( 1967) as a modern analogue for the 
Duperow Formation. 
I n contrast, Kissling and Ehrets (1984) i nterpreted the cyclic 
lithologies of the Duperow to represent subaqueous sedimentation that 
resulted from variations in salinity. Although Kissling and Ehrets 
( 1984) recognized fluctuations in water depth, they postulated only one 
basin-wide event of subaerial exposure. This one r egressive 
depositional event defines the top of the Duperow Formation and is 
considered to represent sabkha sedimentation . They provided no modern 
analogue for their model. 
The controversy centers on two differen t exp l anations for the 
deposition of continuous and repetitive sequences of lithologies of 
uniform thickness over t housands of square kilometers. As L. A. Hardie 
said, "The origin of this cyclicity [t i dal-fl a t s equences in general ] 




p . 5). The specif i c point of contention in the Duperow cycles is the 
interpretation of the depositional environment of the mudstone, 
anhydrite, and siliciclastic dolomudstone used to define the completion 
of each depositional sequence. 
The lithologies which record the major environments of deposition 
a r e laterally continuous and relatively uniform in thickness (Fig. 19). 
There is, however, discontinuity on a smaller scale in the record of 
some environments, as well as subtle variations in the thickness of 
s pecific lithotypes. The stromatoporoid banks (lithotype 3) and the 
high-supralittoral siliciclastic dolomudstone (lithotype 8) a re good 
examples of variability on this finer scale. These types of variability 
s uggest local controls on sedimentation, some combination of .physical, 
chemical, or biological factors that affect the distribution of 
particular subenvironments. One such type of control, structural relief 
at the time of Duperow deposition, has been p roposed as a control on 
the location of stromatoporoid banks (Wilson , 1967; Ehrets and 
Ki ssling, 1985), but this has not been demonstrated conclusively 
(Pilatzke et al., 1987). One could interpret from the bank 
d i stributions in Figure 19 that structure controlled the location of 
banks, but the evidence is not conclusive. Section C - Din t he figure 
shows that the bank is thinnest in the well nearPst the top of the 
present structure and that the banks thicken slightly and move up-
section off the present structure. Section A - B, running north-south 
along the crest of the antic l ine, shows that the sublittoral 
lithologies thin slightly to the south (up t he regional, depositional 
dip) and that the banks thin and step down slightly in the section to 
the south. However, because the sublittoral unit is thin relative to 
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Figure 19 
Cross sections that show the lithostratigraphy along a south-to-north 
line parallel to the axial crest of the structure (B to A) and west-to-
east acro ss the axis of the structure (C to D). In section B - A the 
trend is parallel to regional depositional dip, and in C - D the trend 
is nearly parallel to regional depositional strike. Major depositional 
environments are indicated in addition to selected microenvironments 
(i.e., coral, stromatoporoid banks, intraclastic floatstone 
transgressive unit, and restricted marine limestone) . Li thologies are 
from core descriptions for the wells designated by Nor th Dakota 
Geologica l Survey numbers. The locations of the well s ar e i ndicated 
both on a Duperow Formation isopach map, and on a pres ent structure map 
on top of the Duperow Formation. The datum for the c ross s e ctions is 
the top of the grayish-green dolomudstone (lithotype 8) At the top of 
Wilson's (1967) cycle 2. 
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t he thickness of the banks, and the magnitude of these changes is 
slight, one must question if the trends are significant . In addition, 
the minimum distance between data points (slightly less than 3.2 km or 
2 mi), the patchiness of organic buildups, and the presence of faulting 
(Burke and Heck, 1988a), all make conc l usive i nterpretations difficult. 
By analogy to the Nesson Anticline, it is reasonable to speculate 
that the Billings Anticline has responded structurally to the same 
regional tectonic forces and in a similar time frame (Gerhard et al., 
1982). Both the Bill i ngs Anticline and the Nesson Anticline have the 
same north-south structural trend (Fig . 20) and are within the same 
structural domain, the Trans-Hudson Orogenic bel t (Klasner and King, 
1986). If the blocks of the Billings Anticline moved independently at 
various points in time, including during Duperow time, as has been 
demonstrated for the Nesson Anticline (Lefever et al., 1987), then one 
might expect a complex distribution of banks like that seen in Figure 
19 . 
Close scrutiny of supralittoral lithotypes, particularly the 
anhydrite, can provide additional information on the role of structural 
control on sedimentation. One would expect the anhydrite to thicken 
basinward and become thinner on the structural highs . This should be 
particularly noticeable if the evaporites were <lPposited in a sabkha 
(subaerial exposure) environment, bu t not if de position was subaqueous 
in an evaporite basin environment. No definit e co rre lation is evident 
between the thickness of the evaporites in the supr a littoral 
lithologies at the top of cycle 2 (Fig. 19) and the paleostructure 
indicated on the i sopach (Fig. 7) , although the cvaporites show some 
variability in th i ckness. The re l ative uniformit y in thickness may be 
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Figure 20 
Interpreted paleogeographic setting show i ng major Lat e ll evonian 
landmasses, climatic and oceanographic parameters, and s tructural 
elements. North Dakota is indicated in the center of th 0, d i agram by 
fine dotted lines. The present extent of the Duperow Formation is shown 
by a solid line. The dashed line represents the Middle Devonian 
landmass that served to constrict the Late Devonian Duperow seas. The 
stippled, dashed line at 10 degrees latitude indicates the extent of 
the equatorial rain belt south of the equator. The inverted "V's" at 
the top of the f i gure indicate the location of mountains (Heckel and 
Witzke, 1979). The configuration of the landmasses (gray) i llustrated 
is a combination of the Middle and Upper Devonian configurations of 
Heckel and Witzke (1979), modified on the basis of isopach maps by 
McCabe (1967), McCabe and Barchyn (1982), and Ehrets and Ki ssling 
(1987). Climatic and oceanographic data are largely fr om Heckel and 
Witzke (1979). Structural elements are from Klasner and King (1986) , 
Kent (1968), and Kissling and Ehrets (1984). BA= Bi l lings Anticline; 
BH = Black Hills; CCA = Cedar Creek Anticline; CF= Cheyenne Fold Belt; 
CMH = Central Montana High; FR= Fox.River Belt; GLTZ = Great Lakes 
Tectonic Zone; GP= Grosmont Platform; HB = Hudson Bay ; MLE = Meadow 
Lake Escarpment; MQZ = Magnetic Quiet Zone; NA= Nesson Anticline; NACP 
= North American Central Plains Conductivity Anomaly; NBA= North 
Battleford Arch; NGRA = Axis of Negative Regional Gravil y Anomaly; PRA 
= Peace River Arch; SCA= Swift Current Arch; SCP= Swi f t Current 
Platform; SGA = Sweetgrass Arch; TN= Thompson Ni ckel Rr l r.; WAR= West 
Alberta Ridge; WCN = Wolf Creek Nose 
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an indication of a uniform depositional environment, like that in a 
subaqueous evaporite basin. Sedimentary structures in some of the 
anhydrite, such as the thin-to-laminated bedding and pseudomorphs of 
gypsum crystallized on bedding planes, are consistent with the 
subaqueous interpretation given for modern depositional analogs 
(Schreiber, 1978; Logan, 1987). The felted microtextures characteristic 
of Duperow anhydrites at the top of the cycle are common to shallow-
water, subaqueous environments also, as are casts of salt-hopper 
crystals (Schreiber, 1978). This evidence provides strong arguments for 
Kissling and Ehre±s' (1984) model of salinity variations as the primary 
control on the sequential repetitions of Duperow lithologies. 
A number of sedimentologic characteristics of the Duperow, 
however, are difficult to reconcile with the salinity cycle model: 1) 
the detrital influx at the top of each cycle; 2) the common occurrence 
of well-rounded quartz sand up to 2 mm in size (Fig. 16B); 3) rounded 
intraclasts with alteration rinds; and 4) brecciation in the 
microcrystalline dolomudstone (lithotype 8) and in the overlying 
intraclastic floatstone (lithotype 1). 
A number of sedimentologic characteristics of the Duperow are also 
difficult to reconcile with a sabkha model: 1) subaerial sedimentary 
and diagenetic features are scarce and poorly deve loped, e.g . , caliche, 
gravity cements, discontinuity surfaces, and dissolution phenomenon; 2) 
the regional uniform thickness of the litholog iPs interpreted as 
subaerial deposits, especially the evaporites; 3) the subaqueous 
textural characteristics of evaporite and the scnrcity of arid sabkha 
evaporite characteristics, i.e., enterolithic and nodular fo r ms of 
anhydrite; 4) the common occurrence of well-rounded, coarse (up to 2mm) 
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quartz sand in mud textures, distant from any source areas; and 5) the 
prevalence of lithologies and colors indicating reducing cond itions. 
Proposed Model 
It is apparent that neither the sabkha nor the evaporite basin 
model is completely adequate to explain the sedimentology of the 
Billings Anticline Duperow Formation. The depositional model proposed 
here (Fig. 21) is a combination of both, following the "building block" 
approach of Hardie (1977b, p.188). The depositional characteristics of 
Shark Bay and Lake MacLeod, combined as a single carbonate-evaporite 
depositional system, provide the best modern analogue for understanding 
lower Duperow deposition, although even this combination requires 
qualification. Because Cycle 3 is the most complete representative of 
lower Duperow lithologi c and depositional repetitions (F i g. 18), it is 
used as a framework for the model. 
Regional Context 
Oceanic waters covered a substantial portion of western North 
America (Fig. 20), including the Williston Basin during a series of 
relative rises in sea level (Fig. 22) during Duperow time (Johnson et 
al., 1985 ) . As sea level rose, the rate and stylP of basin filling 
undoubtedly were variable, as were the deposits hP-ing transgressed. The 
variability of the rate and the magnitude of SP.A-level fluctuations are 
well documented (Marner, 1971; Steinen et al . , 1973; Vail et al., 
1977). The rate and magnitude of each sea level rise relative to 
barrier (si l l) depth, t he number of si l ls, and the geology of the sills 
are critical to the development of evaporite basins (Logan, 1987) and 
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Figure 21 
Schematic diagrams showing the sequence of depositional environments 
interpreted to represent a typical lower Duperow depos i l ional cycle on 
the Billings Anticline. Symbols used here that are not exp l ained on 
this diagram are the same as those explained in Figure 18. 
A. Transgressive and Sublittoral Deposition: The transgressive event is 
represented by the rounded and angular intraclasts in a bed at the base 
of the diagram. Shallow shelf deposition is represented by burrowed 
brachiopod wackestone, and by coral, stromatoporoid banks . 
B. Perilittoral Deposition: Metahaline to hypersaline conditions result 
i n deposition of mudstones and poorly fossiliferous wackestones 
i nterbedded with peloid packstones and intrac lastic ostracode 
grainstones . Cyanobacterial mats (stromatolites) and fenestral porosity 
(birdseye structures) developed locally. 
C. Supralittoral, Evaporite Basin (Subaqueous): Brine lAke with 
chemistries fluctuating between carbonate and evapor i. t e rleposition. 
Topographically high areas were subject to sha l low-wat er hydrodynamic 
processes alternating with exposure and brine-phreatic conditions . 
D. Supralittoral, Evaporite Basin (Subaerial) : Primaril y h r ine-phreatic 
deposit ion of aragonite mud, dolomite mud, elastic gypsit e , eolian 
clays, and silt. Locally small lakes or ponds were presen t. Ephemeral 
sheet flooding carried in coarse sand, silt and clay. Deposits on 
topographically high areas experienced desiccation Anrl r,-Agmentation by 
crystal lization pressures and evaporite dissolut i on . 
D. 
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Figure 22 
A gamma - ray log of the Duperow Formation correlated with the eustatic 
sea-level curve for the Devonian, Frasnian, as proposed by Johnson et 
al. (1985). Four major deepening events are shown to have occurred 
during Duperow time. The log is for the William H. Hunt Estate, D. 
Osadchuk No. 1 well, the same well shown with a core description in 
F igure 18. GR= gamma-ray log 
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to coastal sedimentation in general (Vail et al., 1977). Several lines 
of evidence a l low speculation about the number of barriers, t he 
geo l ogic characteristics of barriers, and the influence of ba rriers on 
sedimentation du ring the approximately 7 million years (Wilson and 
Pilatzke, 1987) that oceanic waters periodically fed the Dupe row seas, 
e.g . , paleontology (Johnson, 1970, 1977), paleogeographic 
reconstructions (Heckel and Witzke, 1979), r egional and l ocal 
structural evidence ( Klasner and King, 1986; Lefever et al., 1987; 
Burke and Heck, 1988a), and sedimentological barriers (Wilson, 1967). 
The Le Due reef deve l opment along the North Battleford Arch (Fig. 20) 
i s the accepted barrier which controlled the transgression of the seas 
i nto the Wil l iston Basin (Wilson, 1967). 
The variab i lity of the deposits transgressed is evident in the 
subtle differences in the sedimentologic char acteristics at the top of 
each cycle (e.g., in lithotype 8, the patterned-to-laminated, 
siliciclastic, greenish gray dolomudstone at t he top of cycle 2 versus 
the laminated, pale yellowish brown, argillaceous dolomudstones with 
solution brecc i a, mudcracks, and salt hoppers at the top of cycle 3) . 
Because of the extremely low grade of the basin , the great d istance to 
the open ocean , and the impediment to flow that the barriers presented, 
the rate of basin filling must have been relat ivP l y slow. The basin, or 
portions of it , probably were below sea l eve l , And ephemeral salina, 
clay pans, and evaporite sub-basins probably ex is ted. The Flat Lake 
hal i te, preserved in the Duperow Formation . i n no r t hwestern North Dakota 
and Saskatchewan ( Fischer and Anderson, 1984 ) may represent deposition 
in an evaporite sub-basin. 
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Details of the Model 
Transgressive and Sublittoral Deposition 
Oceanic waters gradually transgressed ove r the gr ayish green 
silicic l ast ic do l omudstone ( lithotype 8 ) surface o f t he Billings 
Antic line (Fig. 21A and D). Well- r ounded intraclast s o f t his 
siliciclastic dolomudstone were reworked into the transgressive 
deposits. The rate of inf l owing water was s low enough to allow the 
development of evaporite basin or sabkha condit ions. The sabkha or 
evaporite deposits were relatively thin ( approxi mate l y 1 m), and the 
weakly indurated _mudstones and evaporites were eas i ly reworked by the 
i ncoming seawater . Th i s event is recorded by wel l -rounded to angular 
i ntraclasts in a poor l y fossiliferous wackestone to mudstone matrix 
( lithotype 1) . Evapor i tes dissolved beneath indurated beds, forming the 
angular intraclasts, and contributed to maint a ining the hypersalinity 
of the waters. Massive , coarsely crystalline anhydrite which occurs 
frequently with the br eccia may reflect the ret ention of sulfate-rich 
brines in intraclast ic deposits. 
As transgressing oceanic waters diluted t he hype rsaline waters, 
metahaline s al i nities a l lowed burrowing organisms to become 
established . A brachi opod commun i ty began to develop ac ross the shelf 
as water qua lity i mproved . Relatively h i gh amoun t s o f i norganic 
insolub l e r esidties , inc l uding c lay, s i lt , and sand, s uggest that 
turbidity cont ributed to poor water quality and probably i nh ibited 
r apid coloni zation by a high diversity of marine o rganisms. Burrowing 
organ isms rewo rked brachiopod shel l s i nto t he trnnsgress ive deposits 
and cont ributed to the matrix of the intraclasti r. f loatstone ( lithotype 
1) . Shallow-shelf commun i ties rep resen ted most l y by br ach i opods and a 
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few solitary rugose corals (lithotype 2) developed as water quality 
i mproved and approached open-ocean salinities ( les s than 43 ppt) . 
Tabular and spherical stromatoporo ids and a few rugose corals in 
highly fossiliferous wackestone (lithotype 3 ) cha r acterize the onset of 
bank development. Relatively shallow water and pos s ible hardgrounds are 
suggested by the occurrence of spherica l marine o rganisms. Banks or 
bioherms that developed locally on the shelf, are distinguished by 
coral, stromatoporoid floatstones, and boundstones. Antecedent 
topography may have localized early bank development. Banks are 
characterized by massive hemispherical stromatoporoids, at least three 
species of cora l s (branching and massive), ancestors to red algae 
(Solenopora), bryozoans, sponges, echinoderms and a variety of 
molluscs. Many stromatoporoids are heavily bored, suggesting relatively 
slow rates of burial . Stromatoporoids, corals, bryozoans, and 
Solenopora commonly encrust one another , form i ng thin, local, 
f ramestone intervals. 
A wel l-cemented, sparsely fossiliferous, thin limestone bed that 
is bounded above and below by high-amplitude, sutnre-seam stylolites, 
commonly separates bank communities. The spars e fossil assemb lage 
consists of brachiopod and pelmatazoan fragment s . This is i nterpreted 
as representing the termination of one event of hank development and 
the reestablishment of another bank at a l a t P-r tim0. The tops of bank 
communities and interbank deposits are cha racteri7.en by spheroidal and 
thin, tabular stromatoporoids and by a gradual i nc r eas e i n the 
proportion of the highly fossiliferous wackest on0 ma trix. 
Suprabank deposits (those deposits ove rly i ng t he bank) are 
characterized by burrowed brachiopod wackestones , the absence of 
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stromatoporoids, and more rarely, by skeletal grainstones . Peloids and 
a few superficial ooids (lithotype 4) began to appear as more important 
components above the banks, but only became major constituent s in the 
peri l ittora l zone. A relatively rapid change in depositional 
environments at this time is suggested by relatively thin (less than 1 
m) suprabank deposits and a rapid decrease i n normal marine fauna. 
Perilittora l Deposition 
Shoaling condit i ons and progressive l y deteriorating wat e r quality 
resulted from the expansion of stromatoporo i d banks, the deposition of 
shallow she l f sediments, and the progradation of low-energy, subarid, 
sabkha sediments from the margins (Fig . 21B) . Superior water quality 
along sills bounding the basin favored stromatoporoid build-ups, which 
undoubtedly contributed to the early deterioration of water quality at 
inner-shelf locations such as the Billings An t icline. Carbonate 
production decreased with increasing salinit ie s and decreasing 
circulation . An abrupt transition from metahaline to hypersaline water 
is indicated i n the lithotypes by the ext remely low diversity of the 
fauna and dom i nance by ostracodes (lithot ype 4) . A few brachiopods, 
gastropods, ostracodes, and traces of burrowing organisms appear to 
have been the only fauna at this time . The environmental conditions 
favored the deposition of muddy textures. The homogeneous character of 
the early deposits suggests thorough churning of t he s ediments by 
bu r r owers. The abundance of mud may be partl y t l1 0 r es u lt of trituration 
of s and by burrow i ng detritivores . Calcisphe r e s nre no t abundant, so 
there is l i t tle evidence for significant contr ibut ion of mud-sized 
sed i ment by ca l ci f ying algae . Further s hoa l ing is i ndi cated by peloid 
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wackestone (lithotype 5) which is interbedded with ostracode , peloidal 
packstone and grainstone. Ostracodes are the dominant type of fossil, 
f o llowed by the calcisphere Umbellina (Rich, 1965 ) , the branchiopod 
Rhabdostichus, and a few brachiopod fragments and oncolites. Gastropods 
commonly serve as the nucleus for oncolite deve l opment . Chondrites-like 
burrows suggest subaqueous conditions. 
The occurrence of relatively high concentrat i ons of insoluble 
residues, both organic and inorganic, suggests high turbidity, high 
nutrient levels, and possibly ephemeral, brackish water conditions, 
which may have contributed to the poor water qual i ty . Sporomorphs are 
common constituents of the inorganic residue . The morphological 
characteristics of sporomorphs (Jodry and Campau, 1961) and their 
regional distribution in a lithotype similar to lithotypes 4 and 5 
prompted Kent (1968) to interpret sporomorphs as flotation structures 
on algae. High nutrient levels are required f o r there to be high enough 
productivity to produce sufficient biomass to establish regional 
biomarkers of sporomorphs. 
The paleogeography during early Duperow time ( Fig . 20) was 
conducive to oceanic upwelling (Heckel and Witzke, 1979) , which could 
provide nutrient-rich water to the basin during jnflow . Neve r theless, 
if circulat i on was as restricted as has been perc~ived to be necessary 
for the observed hypers al ine cond i tions, and if thP. pr i ncipal 
restricting factor was an organic barrier , then it is unlikely that 
significant concent rations of upwelling-der i ved nu t r ients would have 
reached the i nnermost regions of the bas i n ( i .e. , the a rea of the 
Billings Anticline ). 
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Substantial terrestrial runoff from heavy rains is a potential 
source of nutrients for the basin. Additional evidence for a 
terrestrial runoff source is the relatively high concentration of 
inorganic, insoluble residues of fine sand, silt, and clay. Potassium 
feldspar is one of the principal constituents of the sand and silt 
fraction. Also, the results of total organic carbon pyrolysis have been 
interpreted to indicate the presence of a significant terrestrial 
organic component (Gregg Berkhouse, 1988, personal communication). 
The occurrence of peloidal packstone and laminated mudstone 
(lithotypes 5 and 6) probably indicates a shallow-water deposit 
characterized by cyanobacterial laminar mats that formed stromatolites 
in about 1 m of water. Associated with these deposits are fenestral 
fabrics, interpreted to be subaqueous (Shinn, 1983a). The relative 
stratigraphic position of the fenestral fabrics in this 
sedimentological association discourages a subaerial interpre tation 
(Shinn, 1968), but the evidence is not conc l usive. 
Graded and cross-laminated structures are seen frequently in the 
packstones to grainstones. Petrographically , these sediments and 
structures are identical to those depicted i n photomicrographs of tidal 
washover deposits on the backside of tidal channels in the Bahamas 
(Hardie, 1977a, Fig. 42, p. 67). This is the only substantial evidence 
for tidal conditions, but by itself is inconr.lusiv0. The occu rrence of 
the stromatolitic zone, and the prevalence of m11rlstone textures, mark 
the transition into the supralittoral-evapo r ite hAsin depositional 
environment. 
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Supralittoral -- Evaporite Basin Deposition 
Progressive restriction of incoming oceanic wa ters changed the 
hydrologic and depositional character of the Williston Basin into a 
marginal marine evaporite (gypsum) basin (Fig. 21C). Reduction of 
inflowing water to one-third of the rate requ i red to produce 
hypersaline conditions would produce gypsum precip i tation (Logan 1987, 
p. 15). Brine level would be below the s i ll level , and outflow would be 
insignificant . The falling water level would gradua lly expos e the 
perilittoral sediments to supralittoral (subaer i al ) conditions. 
Although the surface would be exposed, vadose di agenetic processes 
would be governed by the elevation of the gr oundwater table. If the 
basin was below sea level, and subhumid conditions prevailed, a 
combination of influx seepage, capillary pumping , and the level of the 
peripheral meteoric water table would combine to maintain a relatively 
high, brine-water table in the evaporite bas in. The depositional 
character of the Duperow evaporite basin was probably very similar to 
that of modern Lake MacLeod, except that Dupe r ow s ea influx was 
insufficient to sustain brines in the halite pre~ipitation range. Brief 
excursions of br ine chemistries into the range of halite precipitation 
are recorded by casts of salt crystals in mudstones. Water chemistry 
shifted from hypersaline to carbonate and gypsum b r ine chemi stries. 
This change is recorded in the transition from t l10. os tracode, peloid 
packstone (lithotypes 4 and 5) to the dark mudstonP ( l i thotype 6). Both 
commonly conta i n poikiloblastic anhydrite ps eudomo rphs o f gypsum and 
pyrite . The mudstone laminae and thin beds ar e in te rbedded with 
anhydrite . Anhydr i te pseudomorphs of subvert ical , hemi-pyramidal gypsum 
c rystals precipit a t ed on bedding planes i ndica t e nn aqueous 
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environment. Reducing conditions aided the pre s erva tion of organics and 
the formation of pyrite, both of which contribut ed to the dark color of 
t he rocks . Seasonal, terrestrial runoff contribut ed nutrients, helped 
dilute the brines, and prevented chemis tries from reaching the halite 
saturation point. 
Subaerial conditions developed frequently (Fig. 21D), and are 
recorded by a variety of features including collapse breccias, 
diastrophic deformation of bedding, a number of desiccation features, 
incipient soil development, and laminat ed caliche c rusts. The subaerial 
deposits, however, are not thick, nor are the features well-developed 
or abundant. This mudstone (lithotype 6) is interbedded with anhydrite 
(lithotype 7). 
The prevailing subaerial condition was probably a majanna . A 
majanna is a dynamic, sedimentary environment character ized by 
relatively soluble minerals (Logan, 1987 ). Maj anna conditions are 
represented in the lower Duperow by the patt e rned, siliciclastic 
dolomudstone (lithotype 8). The maintenance of A majanna is dependent 
upon a near-surface groundwater table, s imilar to the maintenance 
requirements of a wide sabkha (Patterson and Kinsman, 1981). Continuous 
saturation of the sediment is required or i t will be deflated. 
Ephemeral sheet flooding would transport quart z sand onto the majanna 
surface. Dissolution of some evaporite phas es an cl high salinity would 
concentrate the quartz sand, account i ng fo r its ra ndom distribution in 
the mud matrix, and accounting for the reduc i ng cond it ions necessary 
for the format i on of pyrite. High alkal i niti e s a ls o would allow the 
precipitation of overgrowth cements of quart z t ha t b ind silt grains and 
coat some quartz sand grains . Lower pH condi tions would dissolve the 
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quartz grains and account for some of the porosity seen in logs from 
t he dolomudstone (lithotype 8). 
The dearth of desiccation features and cal i che suggests that the 
basin was rarely dry and certainly was not dry for extended periods of 
time. A high brine-groundwater table maintained sediment moisture 
levels until evaporite basin conditions set in. Only on brief occasions 
did brine saturation increase beyond the aragonite and gypsum 
saturation boundaries. This is indicated by the preservation of casts 
of salt-hopper crystals at the top of some cycle 3 deposits. 
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DIAGENESIS 
Since their deposition rocks of the Duperow Formation have 
undergone considerable diagenetic alteration ( Fi g . 23) . The dominant 
diagenetic processes are replacement and cementation, with minor 
dissolution. Dolomite and anhydrite are the prima ry replacement 
minerals. The cements are dominated by calcite, which is followed in 
abundance by anhydrite and dolomite . Much of the original micrite 
cement has been replaced by dolomite. 
Some diagenetic features were described with the lithotypes. Those 
f eatures, such as the burrowing in the burrowed hrachiopod wackestone, 
will not be reconsidered here except where they are relevant to 
interpretations or construction of the diagenetic model . 
Diagenetic Interpretat i ons 
The diagenetic features observed are the result of processes that 
varied through Duperow sedimentation and cont i nue to vary in the 
formation's present deep-burial environment . A con ceptual model for 
regional interpretation of Duperow diagenesis was briefly described and 
illustrated by Kissling and Ehrets (1984). Wilson ( 1967) and Wilson and 
Pilatzke (1987) focused on regional dolomitization and conc l uded that 
magnesium-rich brines from basin-margin Devoni an evaporites refluxed 
through the Duperow marine carbonates . The brinPs pre ferentially 
dolomitized the more permeable rocks of the str.omntoporoid banks during 
basin tilting in the Early Mississippian . Br ie f diagenetic 
interpretations for the formation of the rhomhoherlr a l dolomite were 
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geometry and interpore minerals (Burke and Stefanovsky, 1982). More 
recently, Burke and Heck (1988b) documented the occurrence of 
calcitization in the lower sublittoral port i on of cycle 3 of the 
Duperow on the Billings Anticline and postu l ated that fluid movement 
along faults bounding the structure may have contributed to 
dolomitization. 
Figure 18 shows the relationship between the lithologies and the 
depositional environments, particularly the distribution of dolomite, 
anhydrite , and pyrite . The majority of dolomite , and much of the 
unbedded anhydrite, is diagenetic. The later al distribution of these 
lithologies is shown in Figure 19. Porosity in the lower Duperow is 
primarily intercrystalline and is created by replacement dolomitization 
(Burke and Stefanovsky, 1982). 
The time of occurrence of diagenet i c events, and the products 
formed by the events, are directly related to the diagenetic processes 
characteristic of the local environment . The sequence of diagenetic 
products, listed by relative time of formation (Fig. 23), provides a 
useful framework for interpreting diagenetic environments and for 
creating diagenetic models. Both are fundamenta l to underst anding the 
diagenetic history of the Duperow Formation. Three relative t ime 
periods, early, intermediate, and late, were use<l as a temporal 
f ramework for interpreting the diagenetic featurrs of the Duperow. 
These relative t erms cover the time from depos i_tion of the first 
Duperow sediment s to the present. Because Duperow rocks have subsided 
since deposition, increasing depth of burial is implied genera lly with 
increasing time. 
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Choquette and Pray (1970) discussed in detail the concept of time-
porosity environments as a foundation for a classification o f porosity 
and for understanding the development of porosity. Five terms for time-
porosity environments were defined, but the ter~s are not used here 
because of problems Choquette and Pray (1970, p . 219) recognized in 
using terms defined by depth limits when studying diagenesis that 
results from shallow groundwater that circu l ates to greater depths. 
Interpretations of diagenetic features will be presented in the 
context of the two predominant diagenetic processes, cementation and 
replacement. Features that cannot be related by time or process to 
cementation and replacement will be discussed separately. 
Cementation 
Calcite is the principal cement in the Duperow Formation. 
Secondary cements include anhydrite, do lomite, quartz, feldspar, and 
pyrite. Ca lcite cementation, in the form of micrite and microspar, 
predominates in the limestone of the sublittoral and perilittoral 
lithotypes. Early cementation of carbonate muds has been documented by 
Choquette (1968), and the process was discussed in detail by Folk 
(1959) and Bathurst (1976). Syndepositional lithification of carbonate 
muds has been reported for evaporite basins (Logan, 1987), tidal flats 
( Shinn et al., 1965; Hagan and Logan, 1974), and ~abkhas (I l ling et 
al. , 1965). 
The muds forming the Duperow intraclasts arP Lnterpreted to have 
been aragonitic similar to those reported from Lake MacLeod , Western 
Australia (Logan, 1987). The normal diagenesis of aragonite mud is an 
inversion to microcrystalline calcite (micrite), the more s t able 
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mineral form (Folk, 1965). Micrite cementation in the Duperow is thus 
interpreted to have been syndepositional. The relationship o f 
intraclasts and breccia, discussed in the section on environmental 
interpretations, must have resulted from early cementation. Additional 
evidence for syndepositional cementation in the lithotypes of the 
perilittoral environment is the abundance and composition of rounded 
intraclasts and their occurrence in cross laminations. The i ntraclasts 
frequently contain peloids and skeletal allochems, which indicate they 
were already cemented before being reworked as intraclasts. Their 
presence in cross laminations indicates they were indurated 
sufficiently to withstand the hydrodynamic forces that produced the 
cross laminations. 
Less commonly, calcite cement is finely crystalline or coarsely 
crystalline. The finely crystalline calcite is bladed or equant and 
occurs as isopachous or fringing cements on a llochems. The t erm 
"fringing" is used here to describe cement that coats an allochem in a 
layer of uneven thickness and continuity, whereas "isopachous" implies 
a continuous layer of uniformly thick cement. Finely crystalline 
calcite also occurs occasionally as void-f i lling cement. The coarse 
calcite cement occurs only as void-fill i ng cement in l arger pores. 
Isopachous cements are limited to per i littoral grainstone 
(lithotype 4). Peloids, the dominant type of a llochem in the 
grai nstone, commonly are uniformly coated with f in e to very fine 
calcite crystals with bladed to equant shapes (F i g. 13A and B) . The 
isopachous cements i n the lower Duperow Fo r mation a re interpreted to 
have precipitated from metahaline to hypersaline water in a phreatic 
env i ronment. There are ghosts of acicular cement on some a llochems, and 
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it is possible that some of the calcite cements were originally 
aragonite. Acicular aragonite is the dominant form and minera logy of 
cement in both marine and hypersaline Persian Gulf sediments (Shinn, 
1969; Purser, 1973), as well as in similar settings in Shark Bay and 
Lake MacLeod, Western Australia (Hagan and Logan, 1974; Logan , 1987). 
The isopachous cements probably formed early, before burial compaction 
destroyed interparticle porosity. Longman (1980) stated that bladed to 
equant crystal morphologies that form isopachous fringe cements occur 
in both marine and freshwater phreatic environments. 
Equant calcite cement occurs in fracture, skeletal-mold (Fig. 
15B), shelter, intraskeletal (Fig. 12A and B), and intercrystalline 
pores. It is clear that these pore-fil l ing cements postdate dissolution 
of skeletons; the mold must be formed before it can be filled with 
cement. The occurrence of equant cements in both sublittoral and 
perilittoral lithotypes suggests contemporaneous precipitation in these 
two environments. 
Fractures in the lower Duperow are narrow and range from empty to 
completely infilled with cement. Oil occurs in some unfilled portions 
of some fractures (Fig. 13B). This indicates that cementation of 
fractures predated, or was coeval with, oil migration. Observations of 
similar fractures, in addition to analysis of two-phase fluid 
inclusions and hydrocarbon chemistry, in Mississippian rocks from the 
Little Knife Anticline (in the northeast co r ner of my secondary study 
area) led Narr and Burruss (1984) to conclude that oil migration 
predated fracturing. 
Two-phase fluid i nclusions occur in some of the equant calcite 
that fills vo i ds in fenestral porosity i n t he perilittoral lithotypes. 
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The presence of liquid and gas phases in cements indicates 
disequilibrium with surface temperatures and pressures at the time of 
cement precipitation . This type of fluid inclusion suggests t hat the 
cements were formed at a late stage in a deep burial setting (Roedder, 
1979; McLimans, 1981). Equant coarse-crystalline calcite commonly is a 
cement formed by subsurface brines (Folk, 1974; Harris et al., 1985). 
The equant cements postdate the isopachous cements because l ocally they 
overlie the bladed cements in some fenestral porosity (Fig. 13A). The 
formation of equant spar in the fractures is interpreted to be coeval 
with the formation of coarse pore-filling cement . Examination of fluid 
inclusions in calcite cements in fractures allowed Narr and Burruss 
(1984) to date fracture formation and cementation in Mississ i ppian 
rocks as post-Mesozoic. The calcite cementation in fractures in their 
rocks , like the calcite cementation in fractures in the Duper ow, was 
interpreted to be one of the last diagenetic events. If one accepts the 
assumption that the Duperow rocks on the Billings Anticline r esponded 
to the same regional forces that fractured the Mississippian rock at 
Little Knife Anticline, then the coarse-calcite cements in t he lower 
Duperow probably also were post-Mesozoic precipitates. If this is true, 
it would indicate that cements formed at least at their present depth 
of approximately 11,000 ft (3,353 m). Furthermore, it would s uggest 
that dolomitization occurred during or before Meso7,oic t i me, as 
discussed below in the section on replacement. 
Dolomite cement is limited to rare she l ter voids i n the 
stromatoporoid floatstone (lithotype 3) and to fenestral pores in the 
lithotype 4 and 5 of the perilittoral environment. These cements occur 
as void-fil l ing equant crystals (Figs. 12A and B, 14A and B). Dolomite 
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cement overlies isopachous-calcite cements in fenestral pores and is 
locally overlain by coarse equant calcite. Tabular anhydrite locally 
replaces the dolomite cement. Coarse, void-filling, equant dolomites in 
the perilittoral and sublittoral lithotypes are interpreted t o be 
coeval since both are replaced by tabular anhydrite, but this 
interpretation is speculative. 
Quartz cement occurs in small amounts i n different forms in 
lithotypes from all three depositional environments: supralit toral, 
perilittoral, and sublittoral. Lithotype 3 of the sublittoral 
environment has the greatest diversity of types of quartz cement. The 
three forms of sublittoral cement are microquartz and megaquartz as 
defined by Folk and Pittman (1971) and doubly-terminated euhedral 
crystals . Microquartz is the dominant form and is present in two forms, 
a length-slow variety and a length-fast variety (Fig. 12A and B). The 
deposition of length-slow chalcedony is interpreted to be early, and to 
take place while evaporites are present in the system (Folk and 
Pittman, 1971). Megaquartz overlies chalcedony at the center of voids 
(Fig. 12A and B). Two-phase fluid inclusions are present in some 
megaquartz, indicating formation at depth. The dark color of some of 
the fluid inclusions allows for the possibility that oil may be one of 
the fluids. An oil film is present in the center of some voids at the 
juncture of megaquartz crystal faces. If the f111id inclusions contain 
oil, this suggests that this last phase of silicifLcation was 
contemporaneous with hydrocarbon migration. 
Doubly-terminated quartz crystals are disseminated throughout the 
matrix of lithotypes representing the sublittoral and perilittoral 
environments. The euhedral crystals are rarely seen in thin sections 
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because of their small size and wide dispersal . Three distinctive 
characteristics of the euhedra are molds of dolomite rhombs, inclusions 
of dolomite rhombs, and dissolution pits. Most crystals are 
unquestionably cement, as scanning electron micrographs show them 
within intercrystalline dolomite pores, and because many crystals 
exhibit molds of dolomite rhombs intruding into the euhedra. This 
crystal hab i t occurs in dolomitized lithotypes from both sub l ittoral 
and perilittoral environments. The molds in the euhedra indicate that 
quartz formation postdated dolomitizat i on. It is unclear if dolomite 
rhombs are i nclusions within the quartz or if they have been replaced 
mimically (Gregg and Sibley, 1987). If the former is the case, silica 
precipitation and do1omitization may have been contemporaneous. 
So l ution-pitted euhedra were observed only in insoluble residues of 
perilittora l lithotypes. 
Syntaxial quartz cement in supralittoral lithotype 8 binds 
detrital silt grains and has formed overgrowths on sand grains. This 
cement has euhedral crystal surfaces and mo l ds of dolomite from the 
surrounding matrix. The molds indicate that cementation postdated 
do l omitization and further growth was terminated by lack of space . 
Wi l son (1967) suggested that similar Duperow sand was frosted by eolian 
processes that transported the grains. No frosted grains were observed, 
nor did the cement overgrowths show any sign of Aolian or fl uvial 
processes such as pitted surfaces. 
The most probable source for silica is diss o lu tion of quartz sand 
and silt and the diagenesis of clay to illite . Illitization was 
postulated as the source for authigenic qua r tz tha t occurs as doubly-
terminated crystals in Frasnian limestones in Belgium ( Molenaar and de 
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Jong, 1987). Illite is present in the Duperow Formation in small 
quantities (Wilson, 1967; Burke and Stefanovsky, 1982). 
Anhydrite cement is common to all lithotypes where primary or 
secondary voids are present. Fenestral, shelter and intercrystalline 
porosity in sublittoral and perilittoral lithotypes 1 through 6 
commonly have anhydrite cement. The presence of anhydrite cement in 
some intercrystalline porosity suggests that some of the anhydrite 
postdated dolomitization, or was contemporaneous with it. Based on the 
uniformity of the fine anhydrite crystals and the s i milarity of the 
crystals to gypsum crystals forming in modern environments (Schreiber, 
1978; Shearman, 1978), cementation is interpreted to have been 
coincident with precipitation and neomorphism during early burial. 
Sources of calcium and sulfate ions to form anhydrite are abundant in 
t he supralittoral lithotypes 7 and 8. Dissolut i on of the Duperow bedded 
anhydrites in the southern portion of the Williston Basin was reported 
by Wilson (1967) and Kissling and Ehrets (1984). Wilson (1967) also 
suggested that basinward refluxing of sulfate brines in post-Duperow 
time was the cause of replacement dolomitization that formed 
hydrocarbon reservoirs. 
Pyrite occurs widely throughout the lithotypes, with the greatest 
concentrations in perilittoral and supralittoral deposits. The color 
contrast that distinguishes the patte r ned character of the 
supralittoral dolomudstones is attributed to pyrite (Dixon, 1976). The 
two forms of pyrite present are cubic and framboidal. Both are 
interpreted to be cements formed following the reduction of sulfate 
(Love, 1967; Berner, 1970). 
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Feldspar cement is rare. Authigenic potassium feldspar is present 
as overgrowths and cement in fine- to very-fine feldspathic sand grains 
in perilittoral insoluble residues. The cements do not show signs of 
transportation, but particles of this size may be too small to show 
signs of transportation. Molenaar and de Jong (1987) stated that 
authigenic potassium feldspar usually occurs in siliciclast i c 
sandstones, but in its rare occurrence in carbonates, it is always 
associated with albite . X-ray diffraction of insoluble residues did not 
indicate the presence of albite, but did show that potassium feldspar 
(orthoclase or microcline) occurred in lithotypes from sublittoral, 
perilittoral, and supralittoral environments. The distr ibution of 
feldspar across all depositional environments supports an 
interpretation of eolian influx. However, the occurrence of coarse 
feldspar grains, suggested previously in the environmental 
interpretations section to have been river-transported, leaves open the 
question of the environment of formation of the feldspar cements. This 
question is relevant to unde~standing gamma-ray log responses used for 
stratigraphic correlations, to explaining diagenetic chemistries, and 
to determining oil-well production and completion techniques. 
Replacement 
Replacement processes were dominated by dolomjtization and 
anhydritization. Secondary replacement minerals include calcite (the 
result of dedolomitization), silica, and various clay minerals . 
Dolomi te replacement in muddy, supralittoral deposits (lithotype 
8) is microcrystalline and anhedral. The most common dolomite 
replacement, however, has occurred as rhombohedra l dolomite crystals 
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that replaced micrite in lithotypes 1 through 6 of the sublittoral and 
perilittoral environments (Fig. lOA and B). Two sizes of very fine 
dolomite rhombs are present. The most common size averages 80 microns 
and occurs in varying amounts in all lithotypes of the sublit toral and 
perilittoral zones. The least common size averages 120 microns (Fig. 
llA) and most commonly occurs within intrac l asts of the floatstone 
(lithotype 1) in the sublittoral environment. 
The dolomite crystals within the intraclasts differ from the 
crystals in the matrix only in size; in other respects, the rhombic 
crystals are opt~cally identical. Both sizes of dolomite rhombs are 
characterized by cloudy centers. Organic and inorganic impurities 
retained within dolomite crystals have been interpreted to cause this 
cloudy character (Murray, 1964) and to reflect the original micritic 
sediment of the rock. In the previous section on environmental 
interpretations, the sediments forming the intraclasts were interpreted 
to have been muds originally deposited in either a transgressive 
evaporite basin or a sabkha. Muds in these depositional settings 
commonly have organic and inorganic impurities. 
Rhomb size is commonly larger in the intraclasts by an average of 
40 microns. The larger size is attributed to two phases of 
dolomitization. The first dolomitization phase is interpreted to have 
occurred syndepositionally, before the deposits were reworked into 
i ntraclasts. Syndepositional lithification of muds and 
penecontemporaneous dolomite formation have been reported from 
evaporite basins (Logan, 1987) and tidal flats (Shinn et al . , 1965) and 
in sabkhas (Illing et al., 1965). A similar syndepositional diagenetic 
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history is proposed for the muddy Duperow sediments believed to have 
formed the brown intraclasts in lithotype 1. 
Early dolomitization was probably protodolomite that was widely 
disseminated in the mudstones. Extensive dolomitization was prevented 
by the relatively short period of time available between deposition in 
the transgressive evaporite basin (tidal flat or sabkha) and sediment 
r eworking. The better developed rhombs of this first phase of 
dolomitization would have served as nucleation sites for large rhomb 
growth during the second phase of dolomitization. Phases of crystal 
growth are usually recorded by slight differences in minera l ogy, 
visible as distinctive bands for each phase of rhomb growth . 
Cathodoluminescence techniques were used to test rhombs for multiple 
phases of growth, but no banding was observed. The absence of bands 
does not preclude two phases of rhomb growth, but may indicate similar 
dolomite solution chemistries during the two phases of rhomb growth. 
The small size of the rhombs would contr ibut e to difficulty in seeing 
banding even if it were present. 
The lithotypes that are most common ly dolomitized completely are 
the lower sublittoral intraclastic floatstone (lithotype 1), and there 
is decreasing dolomitization in the brachiopod wackestone (lithotype 2) 
and stromatoporoid floatstone (lithotype 3). The perilittoral 
grainstone and packstone (lithotypes 4 and 5) Arn Also frequently well 
dolomitized. The complete sequence of sublittoral to perilittoral 
deposits is never completely dolomitized. Except for a few localized, 
completely dolomitized thin beds in the peril ittoral zone, 
dolomitization in cycle 3 decreases upward from the base. 
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Wilson (1967) did not see a consistent vertical trend in 
dolomitization in his regional study and concluded that this was 
evidence that a simp le change in salinity could not account for 
dolomitization. Two distinct events of fluid migration were proposed to 
explain the two stages of replacement dolomitization (Wilson, 1967). 
The first event was the upward migration of magnesium-rich connate 
waters expelled with early compaction dewatering of underly i ng 
anhydrites. The second event was lateral refluxing of shelfward brines 
in post-Duperow time that accompanied tectonic uplift on the basin 
margins (Wilson, 1967; Wilson and Pilatzke, 1987). 
In contrast, Ehrets and Kissling (1985) concluded that the 
dolomitizing fluid for the two phases of replacement dolomitization 
were derived locally. The source for magnesium ions for both phases of 
replacement dolomitization was from the anhydrites overlying the normal 
marine deposits. Both phases of dolomitization were explained by 
downward migration of magnesium-rich fluids derived dur ing burial 
compaction dewatering of the anhydrites (Ehrets And Kissling, 1985). 
The two major phases of replacement dolomitization in the lower 
Duperow probably occurred during early to intermediate stages of 
burial . The first phase of replacement dolomite formed from t he 
magnesium-saturated brine that migrated upward from the int r aclastic 
floatstone (lithotype 1) . Magnesium-rich brine wAs concentrated in 
these lithotypes following the collapse and reworking of the evaporite 
deposits into t he overlying, early marine transgressive deposits. 
Contemporaneous with this was dolomitization of some packstone and 
grainstone of t he perilittoral deposits by downward migration of brine 
from overlying anhydrite. The early cementation of grainstone 
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underlying the anhydrite, and the low permeability of mud interbedded 
with the grainstone, inhibited the downward migration of brines from 
overlying rocks into the stromatoporoid banks. 
The second phase of dolomitization was of long duration and was 
associated with burial compaction and dissolution of lower Duperow 
sediments. The importance of dissolution and compaction to the 
production of magnesium ions for dolomit ization was demonstrated by 
Wanless (1979). Solution-seam stylolites, indicative of this process, 
are abundant throughout the lithotypes ( 1 through 6) that originated in 
the sublittoral and perilittoral environments. High-amplitude suture-
seam stylolites may record a second phase of dissolution and 
compaction . Solution and compaction were probably accompanied by the 
r elease of magnesium ions during clay diagenesis (illitizat i on). Clay 
minerals are concentrated at stylolites. This second phase of 
dolomitization probably coincided with, or was enhanced by, the 
r efluxing of shelf-margin brines proposed by Wilson (1967). The void-
filling, equant dolomite cement may be associated with this event also. 
Microcrystalline dolomite has replaced mudstone in lithotype 8 
from the supralittoral environment. Dolomite crystals are mostly 
subhedral to anhedral (Fig. 16B). Euhedral dolomite rhombs that are 
present with them are interpreted to have been primary. Rep l acement of 
carbonate muds by microcrystalline dolomite is int0.rpreted to be early 
and associated with magnesium-rich brines formed from the pr ecipitation 
of gypsum. Dolomite is presently forming in similar environments in 
Western Australia (Logan, 1987) and the Persian Gulf (Purse r , 1973). 
These environments a re good modern analogs of th0. depositional setting 
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of the siliciclastic dolomudstone (lithotype 8) i n the lower Duperow 
Formation. 
Anhydrite replacement has occurred in all l i thotypes to varying 
degrees. The two predominant crystal forms are f i ne rods and large 
tabular crystals with strong cleavage development (Fig. llA and B). The 
rod-shaped crystals are characteristic of the replacement o f rod-shaped 
gypsum crystals deposited in the aqueous phases of the evaporite basin. 
These rod shapes are characteristic of gypsum reported i n modern 
subaqueous evaporite settings (Schreiber, 1978; Logan, 1987). The 
seemingly random arrangement of these fine crystals creates a felted 
texture (Maiklem et al., 1969). This type of anhydrite has replaced 
dolomudstones that are adjacent to, and interbedded with, anhydrites. 
Microcrystalline anhedral to subhedral crystals have replaced dolomite 
in the siliciclastic dolomudstone lithotype. These replacement 
anhydrite crystals are interpreted to be early, at either near-surface 
or very shallow burial conditions. Early formation of anhydrite has 
been reported in the modern sabkhas of the Persian Gulf (Schreiber, 
1978; Shearman, 1978). 
Replacement of gypsum crystals with prism shapes results in 
anhydrite pseudomorphs of gypsum (Fig. 12A and B) . These pseudomorphs 
occur in some stromatoporoids (lithotype 3) of th e sublittoral 
environment , and in some mudstone to grainstone ( lithotypes 6 and 4) of 
the perilit toral environment. The crystal structnre in the pseudomorphs 
is coarsely crystalline with strong cleavage. Two lines of evidence 
suggest that the anhydrite replacement that formed the pseudomorphs is 
coeval with the tabular anhydrite replacement : 1 ) the strong cleavage 
is present in both, and 2) tabular crystals nucl eate on some of the 
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pseudomorphs. The timing of the latter relation is not certain, 
however, and the same relation could be cited as evidence for another 
stage of anhydrite replacement. 
Large tabular anhydrite crystals cut across all minerals in the 
Duperow Formation except quartz (Fig. 12A and B), and occur in all 
l ithotypes except the lithotypes 7 and 8. Anhydrite cements that fill 
l arge vugs have the same coarse-crystal texture as the large tabular 
r eplacive crystals. It is possible that the anhydrite cement and the 
tabular replacement crystals represent different events, although no 
evidence supports such an interpretation. Because tabular crystals 
r eplace dolomite cement in vugs originating in either the sublittoral 
or perilittoral environment (Fig. 14), the anhydrite is interpreted to 
post-date dolomite-cement precipitation. The same relation is true for 
calcite cement. Because of these relations, tabular anhydrite 
r eplacement is interpreted to have occurred late, in a deep-burial 
setting. 
Silica replacement is minor, and only one occurrence was observed. 
Length-slow chalcedony associated with megaquartz has replaced 
carbonates in a void in a stromatoporoid (Fig. 12A and B). The 
occurrence is associated with anhydrite pseudomorphs after gypsum. The 
r eplacement of evaporites by length-slow chalcedony is well-documented 
(Folk and Pittman, 1971; Milliken, 1979) and is interpreted to have 
occurred early, after precipitation of the gypsum in a shallow-burial 
setting. 
The replacement of clays is inferred from the minerals present, 
i nc l uding illite, chl orite, and mixed-layered smectite clays. Dunn 
( 1975) suggested that a precursor clay could have been kaol i nite 
r 
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introduced from exposed portions of the Canadian Shield dur i ng Duperow 
t ime. He proposed that illite could be formed from kaolinite by 
diagenesis in high-alkalinity waters. Illitization would provide silica 
and magnesium ions for replacement or cementation. 
Calcite has replaced dolomite rhombs to various degrees in all 
lithotypes of the sublittoral, and in lithotypes of the per i littoral 
t hat are dolomit ized . Burke and Heck (1988b, Fig. 7 and Plate 2) 
documented that calcitization proceeded by dissolution of dolomite 
rhombs and subsequent replacement by micrite. Calcitization can be 
chemically driven by the dissolution of sulfate minerals (gypsum or 
anhydrite) according to Back et al. (1983). Evidence for dissolution of 
anhydrite (Fig. lOA and B) is sparse. Irregular margins with alteration 
halos on euhedral tabular crystals were cited as evidence for 
dissolution of Duperow Formation anhydrite by Burke and Stef anovsky 
( 1982, Fig. 4-5). Anhydrite crystals and pseudomorphs after gypsum in a 
shelter void in a stromatoporoid were truncated by length-fast 
chalcedony (Fig. 12A and B). Because the chalcedony is overlain by 
megaquartz with two-phase fluid inclusions, the dissolution of the 
anhydrite is interpreted to have occurred during intermediate to late 
burial. Calcitization post-dates the last phase of replacement dolomite 
and dolomite cementation, which also were interpr0-ted to be 
intermediate to late burial. 
Diagenetic Model 
A model for diagenesis of the Duperow Formation is i llustrated in 
Figure 24. The model was constructed using the lithotypes, diagenetic 
f eatures, and associated interpretations of cycle 3 of the lower 
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Figure 24 
Major diagenetic events in t he lower Duperow ind icated by relative t ime 
of occurrence in three stages: early (A), intermediate (B), and late 
(C). Arrows show direction of fluid movement and the local sources of 
the fluids. Ions important to the major type of diagenesis during each 
time are shown. Major diagenetic products are indicated. 
A. Early diagenesis showing minor precipitation of gypsum and length -
f ast chalcedony and patchy precipitation of dolomite and calcite. 
Sulfate and silicate ions are derived from the lithoclast, intraclast 
f loatstone and fluids from the underlying depositional cycle. 
B. Intermediate diagenesis showing neomorphism o f gypsum to anhydrite 
and widespread cementation by calcite, dolomite , and anhydrite. Arrows 
indicate direction of movement of fluids rich in magnesinm ions that 
could be used in dolomitization. 
C. Late diagenesis showing cementation by spar calcite, megaquartz, and 
length-slow chalcedony, dissolution of dolomite, and replacement of 
dolomite by calcite. Arrows indicate movement of ion-rich fluids during 
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Duperow. Since portions of the supralittoral lithotype of cycle 2 were 
reworked into the base of cycle 3, the model begins with the 
siliciclastic dolomudstone (lithotype 8) of cycle 2. 
Early Diagenetic Stage 
The siliciclastic dolomudstone at the top of cycle 2 was 
interpreted in the section outlining the depositional model to 
represent a majanna surface in an evaporite basin. The majanna was 
composed of relatively unstable evaporite and carbonate minerals (Fig. 
24A). The formation of a majanna and its maintenance is a function of 
the inflow and outflow of fluids. Fluids maintaining the majanna 
surface are thought to be supplied by seepage of sea water through 
barriers, by groundwater seepage from the perimeter of the basin, and 
by seasonal sheet flooding. Changes in t he rates of flux of these 
fluids and their sources will determine which minerals are dissolved or 
precipitated. The patterned dolomudstones are interpreted to be the 
result of such chemical fluctuations. Pyrite formed in the phreatic 
saline brines as a result of the activities of sulfate-reducing 
bacteria in association with organics derived from periods of 
cyanobacteria growth in and on the sediment. 
During drier periods, aragonite cement formed, dolomite cement 
f ormed, and incipient dolomitization began. The depth of cementation 
and degree of induration of the surface probably varied. The depth and 
degree of induration would be a function of the average pos i tion of the 
water table and the capillary zone. Topographically high areas, such as 
portions of the Billings Anticline, would respond different l y than low 
areas. This accounts for the preservation o f laminated dolomudstone at 
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the top of the cycle in some cores and patterned dolomudstone others. 
It i s possible t hat the patterned dolomudstones were less indurated 
t han the laminat ed variety. This is suggested by sedimentary structures 
t hat could be interpreted as water-escape structur es and by mud-
injection struct ures. 
Wind removed some evaporites from the system by deflat i on and also 
blew in clays. Seasonal sheet flooding brought in c lays and the bulk of 
t he quartz silt and sand. Sheet flooding produced intraclasts by 
scouring, and rounded those and others produced by desiccat i on. 
Alteration rinds formed during periods of subaer i al exposure and 
periodic wetting. The fluctuating dissolution and precipitation of 
minerals forming the majanna surface account for the reworki ng of 
coarse (2 mm), sand-sized particles floating i n the dolomudstone. Wide 
swings of pH in this chemically dynamic environment would account for 
t he precipitation of quartz cement that has overgrown and bound some 
silt and sand. Minor karst formation and incip i ent caliche crusts 
coated desiccation cracks that had trapped sediments that moved across 
the surface. 
The first of the sublittoral deposits incorpo r ated debr is from the 
solution collapse of sediments that were produce<l by evaporite basin 
deposition or a backstepping sabkha. Highly sa] i nc f]u i ds were trapped 
in these sediments to be expelled l ater into the overlying sediments 
after sufficient lithostatic pressure was generatc<l . 
A wide variety of biologic diagenetic proces s es (e .g., boring, 
burrowing) occurred during deposition of norma l ma r. j ne lithotypes. 
Submarine cementation occurred in the sediments , i n intraskeletal 
porosity, and i n shelter voids. Similar proces ses continued during 
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deposition of the perilittoral lithotypes except that biological 
diagenesis was reduced with the onset of increasing salinities. 
Cementation probably became dominated by aragonite in the more saline 
waters. Isopachous rim cements formed in peloidal grainstone textures, 
and packstones to wackestones associated wi t h them probably were 
tightly cemented at about the same time. The increase of salinities to 
hypersaline conditions caused prismatic gypsum to precipitate in some 
of the upper perilittoral mudstone and packstone. This sequence of 
events formed a seal to prevent significant migration of brines 
downward from the laminated evaporites that were being deposited. 
The alternating dark and light lami nations in the anhydrite 
represent water chemistry fluctuating between carbonate and evaporite 
deposition . Crystals grew on the bottom of brine lakes with water 
chemistries at times in the gypsum precipitation field, and aragonite 
muds precipitated to form mud layers during freshen i ng events. 
Fluctuations of salinity at this time were controlled by the rate of 
influx of oceanic water into the basin through barriers. Wilson (1967) 
proposed stromatoporoid banks as potential barriers to fluids entering 
the basin. There were direct connections to the ocean at this time, but 
the connections were too constricted for the inflow of ocean ic water to 
maintain normal-marine salinities because of the rnte of los s of water 
by evaporation. Inflow and loss of water would vnry according to 
seasons, and with the various constructional and dP.structional 
processes affecting the stromatoporoid barrier. These controls on flux, 
and the subsequent effect on the water chemistriP.s and precipitated 
sediments, wou ld account for the alternating dark- and light-laminated 
anhydrites. 
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Aragonite muds formed in this setting and were later replaced by 
felt-textured anhydrite. The downward percolation of these brines 
replaced some of the underlying mudstone and packstone textures as 
well. The removal of calcium ions during precipitation of gypsum may 
have initiated dolomitization in some of the underlying peloidal 
packstone and grainstone (lithotypes 4 and 5). 
Eventually, partial exposure of the southern portion of the West 
Alberta Ridge, severe constriction of inflowing water by stromatoporoid 
barriers, and sediments prograding into the basin reduced t he amount of 
fluids entering the evaporite basin until a majanna was formed. 
Fluctuating water levels allowed time for the cementation of aragonite 
muds that precipitated while brines were supersaturated with respect to 
aragonite. The next flooding event was probably controlled by some 
combination of tectonic, eustatic, and autotrophic mechanisms (Johnson 
et al. , 1985). 
Possibly at this time, or soon thereafter, lithostatic pressure 
was sufficient to force brines from the basal suhlittoral floatstones 
into the more permeable bank sediments . This is recorded by the 
occurrence of pseudomorphs of gypsum in the stromatoporoids. Geopetal 
infilling within shelter porosity, previously submarine cemented, was 
brecciated, and gypsum cement precipitated around the fragments. This 
phase of evaporite precipitation would have initiated changes in brine 
chemistry that may have favored dolomite replacement of micrite. 
Intermediate Di agenetic Stage 
The timing of diagenetic events i n the intermediate stage (Fig. 
24B) is stated relative to the early and late diagenetic events that 
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are better defined with regard to time. This rel a tive timing is 
particularly true for implied burial depths. The two-phase fluid 
inclusions in the calcite and quartz cements are the only direct 
evidence of deep burial. The actual depth of deep burial has yet to be 
determined. 
Diagenetic processes with long reaction times, caused by the 
chemical kinetics of the mineralogic changes, dominated the 
intermediate stage. Increasing lithostatic pressure, temperature, 
mobilization of fluids from dewatering, and time were the principal 
factors controlling diagenesis during this stage . Solution-seam 
stylolites and fractured grains are evidence of e ar l y and intermediate 
stage compaction. 
Compaction dewatering of sublittoral sediments probably finished 
the neomorphism of aragonite to calcite that had been initia ted toward 
the end of the early stage. Calcitic sediments became lithified and 
some microcrystalline cements aggraded to microspar . 
The first phase of dolomite replacement of micr ite probably began 
at this time . In the sublittoral deposits, the large amounts of 
magnesium ions necessary to replace micrite came from several sources. 
One source was the brines trapped in the sublitto r a l intrac l astic 
f loatstone (lithotype 1). A secondary, minor so11r r.P was upward 
migration of brines driven by compaction from thP r. yc le 2 evaporites 
below. A minor source was the conversion of high-magnesium calcites to 
low-magnesium calcites. The high alkalinity of th e brines in the 
collapse breccia may have dissolved some of the quartz silt and sand. 
As silica-saturated fluid moved upward and mixed with marine-salinity 
pore waters, the pH of the resulting mixture would be lower than the pH 
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of the original silica-saturated fluid. Doub ly-terminated crystals of 
euhedral quartz were precipitated in the intercrystalline pores formed 
by dolomite rhombs. In the rare shelter voids that contained gypsum, 
length-slow chalcedony replaced the gypsum. 
In the perilittoral deposits, magnesium ions for replacement 
dolomitization were mobilized by the dewatering of gypsum to anhydrite. 
Two moles of water are released for eve r y mole of gypsum that 
dehydrates to form anhydrite. This water would help move the magnesium-
rich brines that were formed by the removal of calcium ions during 
deposition of gypsum. High-pH fluids associated with the evaporite 
brines would dissolve some of the quartz silt and sand. The silica-
saturated fluids migrated downward and mixed with the less saline 
f luids in the perilittoral zone, reducing the pH of the fluids. Doubly-
terminated crystals of euhedral quartz were precipitated within 
intercrystalline pores of rhombohedral dolomite and some of the 
micritic mudstone and packstone. 
Replacement dolomitization was an ongoing process throughout the 
intermediate stage of diagenesis and continued into the late stage of 
diagenesis. Magnesium ions were slowly, but continually, be i ng released 
for dolomitization by dissolution of Duperow carbonates and the 
illitization of clay. Another possible source of magnesium ions was the 
slow refluxing of basin margin brines as proposed by Wilson ( 1967). The 
volume and rate of influx would probably be low, however, because of 
t he poor continuity of porosity and permeability in the Duperow 
Formation. The fact that the Duperow is not more thoroughly dolomitized 
results from the limited supply of dolomitizing fluids. Dolomite 
cements in voids were probably part of this late phase of 
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dolomitization. With increasing dissolution of evapor i tes on the basin 
margins, the fluids became saturated with r espect to anhydrite. 
Anhydrite filled some intercrystalline dolomite porosity and 
preferentially replaced some micrite and ske letal a llochems with large, 
tabular crystals. 
Pyrite continued to form i n areas where organic matter and 
sulfate-rich water were concentrated, particularly i n the perilittoral 
grainstone, packstone, and mudstone (li t hotypes 4, 5, and 6). The 
highly saline water would have contributed to low oxygen levels, raised 
eH levels, and would have had high sulfate levels that were well suited 
f or sulfate-reducing bacteria and resultant pyrite formation. 
Late Diagenetic Stage 
In the late diagenetic stage (Fig. 24C), solutions saturated with 
respect to calcite and silica, and undersaturated with respect to 
anhydrite and dolomite, moved into the formation . Slow, persistent 
groundwater movement was probably the primary sonrce for the fluids, 
but fracturing associated with Laramide tec tonics may have enhanced 
fluid movement (Narr and Burruss, 1984). Fractures provided conduits to 
the more permeable dolomitized zones. Calc i tization ( dedolomitization) 
occurred because the solutions were undersatur a t erl with res pect to 
anhydrite. Some anhydrite cement dissolved , as rlirl some anhydrite that 
had previously replaced dolomite rhornbs . Some of the i rregular dolomite 
rhombs probably formed in this way. The dissolution of anhydrite was 
the driving force for the dissolution of some dolomite and the 
replacement of some dolomite with micrite. The dissolution of anhydrite 
that filled some shelter pores allowed the prec ipitation of length-fast 
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chalcedony, followed by megaquartz. Calcite saturation was high enough 
to continue precipitating cement after silica saturation levels 
dropped, following precipitation of megaquartz. These late diagenetic 
events not only affected beds that already had some porosity and 
permeability, but also those beds immediately adjacent to porous and 
permeable beds. Apparently, the influx of fluids d r iving calcitization 
was small because replacement anhydrite in less pe rmeable lithotypes 
remained unaltered. 
SUMMARY OF CONCLUSIONS 
1) The lower Duperow Formation in the Bill i ngs Anticline area of 
North Dakota represents deposits formed in mar i ne sublittoral, 
metahaline to hypersaline perilittoral, and evapor i te-basin, 
supralittoral, depositional environments. 
2) Typical lower Duperow Formation lithologies were divided into 
eight lithotypes based on mineralogy, sedimentary textures, and 
constituent composition . 
3) Sediments that formed in the marine subl i ttoral environment 
were deposited in relatively shallow water below wave base. Periods of 
oceanic (good) water quality were punctuated by periods of poor water 
quality. Poor water quality was interpreted to r epresent fluctuations 
in salinity and elevated turbidity and nutrient levels. Oceanic waters 
were characterized by stromatoporoids, corals, and brachiopods. Poor-
quality, marine waters were characterized by low relative numbers of 
brachiopods and by poorly burrowed sediment t extures. 
4) Sediments that formed in the metahal i ne per i littoral 
environment were deposited in relatively shallow water, sometimes near 
wave base, and sometimes in protected, quiet wat e r . Progressive 
constriction of inflow of oceanic waters, and h igh rates of 
evaporation, are proposed as the mechanism fo r eleva ting salinities. 
Nonskeletal allochems, peloids, and mud a re the domi nant sediment 
constituents. The characteristic skeletal assoc i nt i on i ncludes 
ostracodes, and the alga Umbellina . 
5) Sediments that formed in the evapo r it e bnsin supral i ttoral 
environment were deposited in fluctuating subaqueous , brine-phreatic, 
and subaerial conditions. The rates of fluid mo vement into and out of 
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the system determined the conditions at any one time. Inflowing fluids 
came from a number of possible sources which included direct oceanic 
inflow, seepage through barriers, groundwater, and seasonal overland 
runoff. Loss of water was primarily by evaporation, by fixation of 
water in precipitates , and possibly by subterranean brine sinks similar 
to those observed in Lake MacLeod, western Australia (Logan, 1987). 
Subaqueous sediments were characterized by anhydrites with felted 
crystalline textures, and mudstones with a few salt-hopper crystals. 
Brine-phreatic sediments were characterized by patterned siliciclastic 
carbonate muds. Subaerial sediments were characterized by carbonate 
muds with few desiccation features and with weakly developed caliche or 
soil horizons. 
6) Cementation and replacement were the major diagenetic processes 
that affected rocks of the lower Duperow Format i on. Calcite is the 
primary cement with lesser amounts of anhydrite, dolomite, and, rarely, 
quartz. Micrite and microspar are the dominant crystal habits of 
calcite. The major replacement minerals are dolomite, anhydrite, and 
calcite. 
7) Large volumes of intercrystalline porosity were formed by 
thorough dolomitization. Nearly complete dolomite replacement of 
l ithologies, pr i marily micrite, is generally l j mitPd to the lower 
sublittoral deposits that commonly include portions of the 
stromatoporoid banks. The perilittoral deposits nr0. thoroughly 
dolomitized only locally. These dolomitized lithotypes form reservoirs 
that trapped economic volumes of hydrocarbons. 
8) Circumstantial evidence indicates that fracture formation and 
coarse calcite cementation were post-Mesozoic events. If th i s is true, 
T 
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then calcite cement formed near its present depth of 11,000 ft, and the 
replacement dolomitization that forms reservoirs for hydrocarbons 




LEGAL DESCRIPTION AND LOCATION OF WELLS USED IN THIS STUDY 
The legal name of the wells are listed i n numerical order by North 
Dakota Geological Survey well numbers. Each description inc l udes the 
location of the well, the operator's (company's) name, and the name of 
the well. 
Hell No. Location 
555 143-100-17 SESE 
859 144-100-31 SHNE 
4833 141-100-34 NEt,1,1 
5769 141-100-27 SHSE 
6095 144-098-10 t,l,ISE 
6140 142-098-36 l+ISH 
6169 143-101-25 t,1,1t,1,1 
6228 144-098-03 l+ISH 
6258 143-101-17 NENE 
6303 143-100-29 NESH 
6310 144-101-06 SEt,1,1 
6341 143-100-33 t,l,lt,l,I 
6346 143-101-11 SHSE 
6378 143-100-30 SENE 
6418 143-100-29 SHt,1,1 
6452 143-098-16 t,l,ISH 
6470 142-098-15 SHSH 
6472 144-098-16 NESH 
6491 143-098-10 SESH 
6512 141-098-08 NENE 
6521 143-098-18 SENE 
6543 143-100-30 SESE 
6551 141-101-23 NEt,1,1 
6567 142-100-11 SESE 
6579 143-100-32 SHt,1,1 
6647 143-098-28 SESE 
6651 144-098-16 NESE 
6658 141-101-15 SESE 
6667 143-098-36 NENH 
6689 141-101-23 SENE 
6697 143-099-09 SESE 
6744 142-099- 22 NEt,1,1 
138 
Operator 
STANOLIND OIL AND GAS COMPANY 
TEXACO INC. 
R. M. HATKINS & MESA PETROLEUH 
SOUTHERN UNION PRODUCTION CO . 
GULF OIL CORP. 
GULF OIL CORP. 
TENNECO OIL CO. 
GULF OIL CORP. 
APACHE CORP. 
TENNECO OIL CO. 
SUPRON ENERGY CORP. 
F • U. C .• E • INC . 
F .U.C.E. INC 
TENNECO OIL CO. 
TENNECO OIL CO. 
GULF OIL CORP. 
GULF OIL CORP. 
GULF OIL CORP . 
GULF OIL CORP. 
GULF OIL CORP. 
GULF OIL CORP. 
TENNECO OIL CO. 
JERRY CHAt-eERS 
H. H. HUNT TRUST ESTATE 
H. H. HUNT TRUST ESTATE 
AMOCO PROD. CO. 
GULF OIL CORP. 
JERRY CHAt-eERS 
HOSBACHER PRUET OIL CO . 
JERRY CHAMBERS 
AMOCO PROD. CO . 
H. H. HUNT TRUST 
Hell Name 
N.H.I. INPJ # 1 
GOVT. M. S . PACE #1 
FEDERAL #1-34 
BN #1-27 
E. E. HILLER #l-10-3A 
STATE SCHL. LAND #2-36 






WHITETAIL CREEK UNIT #15-11 
JOHNSON #1-30 
BURLINGTON NORTHERN #2-29 
SYHIONOH STATE #l-16-4A 
SCHMIDT #1 
STATE #2-16-48 
STATE SYHIONERO #l-10-4A 
KOROONOHY #1 








STATE GRESZ #1-13-18 
STATE OF ND #2-23 
KESSEL #1 
HLEBECHUK FLB #1 
6756 142-100-20 ...... 
6760 143-100-32 SHNE 
6844 141-101-11 SESE 
68 68 141-101- 01 NENE 
68 91 143-100-32 No!SE 
68 99 141-100-22 NENE 
6 906 141-100-19 SHSE 
6 912 143-101-04 SHSH 
6 913 143-099-09 SE""4 
6 918 141-101-14 NE""4 
6 919 141-101-11 SENE 
6921 142-100-07 ""4NE 
6936 142-100-06 ...SE 
6940 142-101-24 NESE 
6956 142-100-16 SESE 
6969 142-100-17 SHSH 
6970 142-100-31 SHSH 
6995 142-101-36 No!SE 
6999 143-101-16 NE""4 
7000 142-100-23 S...... 
7011 142-100-10 SHNE 
70 12 141-100-30 NE""4 
7014 141-101-12 ""4NE 
70 21 141-101-12 SHSH 
7045 141-100-14 NolSH 
7046 141-100-22 NESH 
70 65 142-100-35 NESH 
7082 143-101-28 SE""4 
7083 141- 100-31 SHNE 
7086 141-101-01 NESH 
7088 142-101-12 NESH 
7091 141-100-06 S'*"C 
7097 142-100-15 SESE 
7102 141-100-27 SHSE 
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TENNECO OIL CO. 
KOCH EXPLORATION CO. 
AL-AQUITAINE EXPL. CRYSTAL 
GETTY OIL CO. 
KOCH EXPLORATION CO. 
AL-AQUITAINE 
GAS PROD. ENTERPR. 
F. U. C. E. 
AHOCO PROD. CO. 
AL-AQUITAINE EXPL., LTD . 
ALAQ. EXPLOR., LTD. 
TENNECO OIL CO. 
KOCH EXPLORATION COHPANY 
KOCH EXPLORATION COHPANY 
SOlITHLAND ROYALTY CO . 
TENNECO OIL CO. 
TENNECO OIL CO. 
GETTY OIL CO. 
APACHE CORP. 
H. H. HUNT TRUST EST. 
H. H. HUNT TRUST EST. 
AL-AQUITAINE EXPL . , LTD . 
AL-AQ. EXPL., LTD. 
JERRY CHAteERS 
AL-AQ EXPL. LTD. 
AL-AQ EXPL. LTD. 
SUPRON ENERGY CORP. 
JERRY CHAMBERS 
JERRY CHAMBERS 
GETTY OIL CO. 
TENNECO OIL CO. 
GETTY OIL CO. 
H. H. HUNT TRUST EST. 
AL-AQUITAINE EXPL., LTD. 
EGLY #1-20 
SIMNIONIH #1 
11-141-101 U.S. #2-11 
MYSTERY CREEK # 1-1 
Sil1NIONIH #2 
22-141-100 U.S. #1-2 
19-141-100 BN #1 
FEDERAL #13-4 
THOMPSON #1 
14-141-101 U.S. #2-14 




STATE OF ND #1-16 
MEE #1-17 
STUART #1-31 




30-141-100 THOHPSON #1-30 
12-141-101 U.S. #3-12 
T.R . FEDERAL #1-12 
4-141-100 USA # 1 - 14 
2 2- 141-100 U.S. #2-22 
F- 35- 142-100 #1 
BLACKTAIL FEDERAL #1-28 
MCLEAN FEDERAL #2-31 
MYSTERY CREEK #1-11 
11-12-142- 101 ND FED. 
MYSTERY CREEK "8" #6-5 
DOROTHY OSADCHUK #1 
27-141-100 BN #1-27 
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7104 142-100-03 SESH H. H. HUNT TRUST EST. ROOAKOHSKI #2 
7118 143-101-08 SENE FARMERS l.tlION CENTR. EXCH. , INC. KOROON #8-8 
7119 143-100-32 NESH H. H. HUNT TRUST EST. KOROON 3 
7121 141-101-01 NENH GETTY OIL co. MYSTERY CREEK #1-3 
7122 141-101-01 SESE GETTY OIL co. MYSTERY CREEK #1-16 
7125 142-101-36 NHNE GETTY OIL co. MYSTERY CREEK "A" #36-2 
7145 141-100-15 NENE AL-AQ EXPLOR. BN #1-15 
7154 142-100-18 SESE TE'*IECO OIL CO. BENJAMIN USA #1-18 
7165 143-101-09 SHNE APACHE CORP. FEDERAL #2-9 
7223 142-100-15 SESH H. H. HUNT TRUST EST. DOROTHY OSAOCHU< #81 
7265 144-100-30 SHSH KOCH EXPL. co. FEDERAL #13-30 
7280 142-100-34 NHSH SUPRON ENERGY CORPORATION CERKONEY #1 
7283 142-100-10 SESE H. H. HUNT EST. ROOAKOHSKI USA #1 
7291 144-101-15 SHSE AMOCO PRODUCTION COMPANY NORTHROP FEDERAL #8-1-15 
7295 142-101-35 SHSE TE'*IECO OIL CO. VALERIO USA #1-35 
7307 143-099-22 SENE AMOCO PROO. co. KNUDTSON STATE #1 
7308 144-101-13 SHSH AMOCO PROO. co. NORTHROP FEDERAL #A-1-13 
7309 141-101-02 NHSE TE'*IECO OIL CO. MESCHKE #2-2 
7310 141-101-02 SHNE TE'*IECO OIL CO. MESCHKE #1-2 
7327 143-100-08 NHNE AL-AQUITAINE EXPLOR., LTD. 8-143-100 U.S. #1-8 
7334 142-100-29 S....aH AMOCO PROD. co. STEVENS FED. 8-2-29 
7348 143-099-02 SHSH AMOCO PROO. co. HECKER #1 
7349 142-100-22 SHSE H. H. HUNT TRUST ESTATE FRITZ #2 
7350 142-100-11 SHSH H. H. HUNT TRUST EST. EVONIUK B #1 
7351 142-100-21 SENE H. H. HUNT TRUST ESTATE EGLY #2 
7354 142-100-14 SHSH H. H. HUNT TRUST EST. OSAOCHUK #3 
7355 142-100-20 SHNE H. H. HUNT TRUST EST. EGLY #1 
7382 141-101-12 ~ JERRY CHAMBERS T.R . FEDERAL #4-12 
7384 142-098-23 ~ CRYSTAL OIL co. KUNTZ #11-23 
7387 143-098-04 NENE AMOCO PROO. co. ROMANYSHYN #1 
7400 144-098-09 NENE GULF OIL CORP. TARNAVSKY #3-9-2B 
7419 142-102-17 NESH DIAMOND SHAHRCX:K CORP. HACKOFF #23-17 
7432 142-100-34 ~ SUPRON ENERGY CORP. CERKONEY #2 
7438 141-100-28 NENE AL~AQUITAINE EXPLOR., LTD . us #1-28 
7451 143-102-31 SEN'4 
7466 141-098-34 SHNot 
7499 142-100-26 SHNot 
7508 140-100-02 ,-..,... 
7516 142-100-17 SESE 
7520 143-099-21 NENE 
7526 143-100-18 ,-..,... 
7527 141-102-09 NESH 
7544 142-100-30 NENE 
7552 142-100-30 NESE 
7567 144-102-22 NENE 
7586 142-098-16 SHSE 
7591 142-102-09 NEN'4 
7600 144-101-11 SEN'4 
7618 142-099-03 ""4NE 
7629 144-101-25 N'4SE 
7652 142-102-04 SHSE 
7690 143-101-19 SHSH 
7775 141-100-03 NEN'4 
7776 141-100-03 SESE 
7792 143-102-31 SHSE 
7814 142-100-35 ,-..,... 
7846 141-101-01 SESE 
7924 142-100-29 SHSH 
7928 142-100-08 NESE 
7934 142-100-23 SHN<I 
7970 142- 100-28 SHNot 
7984 143-102-25 S...,E 
7996 141-098-33 NESE 
8022 143-101-13 ""4NE 
8025 142-101-29 SESH 
8026 141-100-15 N'4SE 
8043 142-100-29 SHSE 
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GAS PROD. ENTERPR. AL-AQ 
HOSBACHER-PRUET OIL CO . 
PATRICK PETR. CO . 
CONOCO INC. 
AMOCO PROD. CO . 
AMOCO PROO. CO. 
GULF OIL CORP. 
AL-AQUITAINE EXPLOR. 
TE~ECO OIL CO. 
TE~ECO OIL CO. 
APACHE CORP . 
CRYSTAL EXPLOR. & PROD. 
DIAMOND SHAMROCK CORPORATION 
KOCH EXPLOR . CO. 
H. H. HUNT TRUST 
KOCH EXPLOR. CO. 
DIAMOND SHAMROCK CORP. 
JERRY CHAMBERS 
AL-AQUITAINE & GPE 
AL-AQUITAINE & GPE 
AL-AQUITAINE EXPLORATION, LTD. 
SUPRON ENERGY CORPORATION 
GETTY OIL CO . 
AMOCO PROD. CO. 
AMOCO PROD . CO. 
H. H. HUNT TRUST ESTATE 
SUPRON ENERGY CORP. 
JERRY CHAMBERS 
MOSBACHER-PRUET OIL CO. 
GULF OIL CORP. 
TE~ECO OIL CO. 
AL-AQUITAINE & GPE 
AMOCO PROD. CO. 
31-143-102 8N #1 
VOLESKY #34- 1 
FEDERAL #1-26 
FEDERAL SADDLE #2 
STEVENS FED. "A" #1-17 
H. T. KNUDTSON #1 
DEEPCREEK FED. #1-18-lA 
9-141-102 U.S. #1-9 
STUART USA #3-30 
STUART USA #4-30 
FEDERAL #1-22 
SCHMIDT STATE #34-16 





BLACKTAIL FED. #3-19 
3-141-100 8N #1-3 
3-141-100 8N #2-3 
BEAVER CREEK AL-AQUITAINE 
31-143-102 US 2-31 
F-35--142-100 #3 
MYSTERY CREEK #1-16 
USA ARMOR #3 
USA ANDERSON #1 
ANNA OSADCHUK 8-1 
SND 28-142-100 #1 
25-143 - 102 BN #1 
F. F . VOLESKY #33-1 
FEDERAL #1-13 
HIRTHLIN #1-29 
WHISKEY JOE #2-15A 
USA ARMOR #2 
8070 144-102-19 SESE 
8072 141-100-08 NHSE 
8075 142-101-08 NESE 
8079 143-099-34 SESH 
8110 140-100-08 NEN<I 
8132 140-098-27 NENE 
8155 144-101-06 ....... 
8173 141-100-33 NENE 
8194 142-101-01 NESE 
8214 141-100-27 SHNE 
8226 143-100-27 NHSH 
8 234 144-102-29 ....... 
8 242 143-100-23 ....... 
8 251 143-102-24 SHSE 
8274 141-101-11 NEN<I 
8303 141-100-15 SEN<I 
8306 142-102-32 NolNE 
8328 141-102-10 SHSH 
8329 141-102-09 NHSE 
8330 141-100-03 N<INE 
8333 141-100-04 NENE 
8337 141-102-30 NESE 
8363 143-102-23 NolNE 
8391 141-100-26 NHSH 
8416 142-101-16 NEN<I 
8422 144-101-22 SEN<I 
8432 141-100-15 NESH 
8445 143-100-35 NEtl'I 
8456 141-100-16 NENE 
8465 143-101-27 SHNE 
8487 143-102-13 SESE 
8542 144-102-12 SENE 
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COASTAL OIL & GAS CORP. 
SHELL OIL COHPANY 
CONOCO, INC. 
H. H. HUNT TRUST ESTATE 
JERRY CHAHBERS 
COASTAL OIL & GAS CORP. & ALAQ 
SUPRON ENERGY CORP. 
Al-AQUITAINE EXPLOR., LTD. 
ANDERSON PETROLEUM, INC . 
Al-AQUITAINE EXPLORATION, LTD. 
COASTAL OIL & GAS CORP & 
HUNT ENERGY 
COASTAL OIL & GAS CORP. & ALAQ. 
COASTAL OIL & GAS CORP. & ALAQ 
JERRY CHAMBERS 
TENNECO OIL COHPANY 
Al-AQUITAINE EXPLOR. & COASTAL 
PUMA PETROLEUM COHPANY 
AL-AQUITAINE EXPLORATION, LTD . 
Al-AQUITAINE EXPLORATION, LTD . 
Al-AQUITAINE EXPLORATION, LTD . 
SHELL OIL COHPANY 
PATRICK PETROLEUM COHPANY 
COASTAL OIL & GAS CORP. & ALAQ 
SUPRON ENERGY CORPORATION 
KOCH EXPLORATION COMPANY 
KOCH EXPLORATION COMPANY 
BURLINGTON NORTHERN INC. 
CONOCO, INC. 
AL-AQUITAINE EXPLORATION, LTD. 
JERRY CHAMBERS 
CONOCO, INC. 
TENNECO OIL COMPANY 
19-144-102 BN #1 
FEDERAL #33-8 
FEDERAL HANSON 8 #1 
DEHANIOH #1 
TALKINGTON #1-8 




27-141-100 HJ 8N #2-27 
27-143-100 HLEBECHUK 
ET AL #1 
29-144-102 8N #1 
23-143-100 YOURK #1 
USA #1-24 














FEDERAL GORHAM 35 #14 
16-141-100 STATE #2-16 
BLACKTAIL t,iIT #1-27 
BLACKTAIL #13-1 
GRAHAH #1-12 
8552 141-098-32 SENE 
8554 142-100-28 NESE 
8558 144-099-29 tl<tSE 
8564 144-101-07 ""'4NE 
8579 144-101-32 SENH 
8596 142-102-10 NHNH 
8601 144-100-06 NENH 
8603 142-098-31 SHSE 
8609 144-102-03 SHSH 
8651 144-101-07 NHSE 
8676 144-098-03 SHNE 
8705 143-101-07 NENH 
8710 144-102-01 SESE 
8827 141-100-27 SENH 
8866 143-100-16 SESE 
8869 144-102-02 SHSH 
8874 144-102-10 NESE 
8903 144-102-15 SENH 
8912 142-098-31 NHNH 
8 929 143-101-04 SHNE 
8947 142-099-07 SESE 
8948 141-100-33 NESE 
8972 143-100-22 s ...... 
8990 141-098-06 NENE 
9007 144-102-01 SENE 
9033 142-102-04 NESH 
9070 141-099-31 NESH 
9078 144-102-20 SESH 
9087 141-099-28 NESH 
9120 141-102-20 NHSH 
9121 143-101-06 NESH 
9134 144-100-04 SHNE 
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NUCORP ENERGY, INC. 
PATRICK PETROLEUH COMPANY 
AHOCO PRODUCTION COMPANY 
SUPRON ENERGY CORPORATION 
NUCORP ENERGY, INC. 
DIAMOND SHAMROCK CORPORATION 
CITIES SERVICE COMPANY 
ADOBE Oil AND GAS CORPORATION 
APACHE CORPORATION 
SUPRON ENERGY CORPORATION 
GULF Oil CORPORATION 
NUCORP ENERGY, INC. 
HGF Oil CORPORATION 
Al-A~ITAINE EXPLORATION LTD. 
Al-A~ITAINE EXPL. LTD. 
APACHE CORPORATION 
SUPRON ENERGY CORPORATION 
TENNECO OIL COMPANY 
ADOBE OIL & GAS CORPORATION 
FARMERS UNION CENTRAL EXCHANGE 
AMAREX, INC. 
Al-A~ITAINE EXPL. LTD. 
EVERETT DRILLING VENTURES, INC. 
ADOBE OIL & GAS CORP. 
HGF OIL CORP. 
DIAMOND SHAMROCK CORP. 
ADOBE OIL & GAS CORPORATI ON 
TENNECO OIL CO. 
ADOBE Oil & GAS CORP. 
FARMERS UNION CENTRAL EXCHANGE, 
INC. 
NUCORP ENERGY, INC. 
PATRICK PETROLEUH CO. 
MARTIN PRAUS #1 
FEDERAL #3-28 




FEDERAL DF #1 
STATE KORDONOHY #34-31 
FEDERAL #3-2 
F-7-144-101 #2 
ZA80LOTNY OBSERVATION #4 
FEDERAL #7-1 
BN #44-1 




FEDERAL 10-144-102 #1 






KESSEL DEEP #41-6 
MGF-BN #42-1 
CENEX FEDERAL #23-4 
L. LUPTAK #23-31 
COULAM USA #1-20 
STATE PEDELISKI #22-28 
FEDERAL #12-20 
FEDERAL #6-1 
BLACKTAIL FEDERAL #1-4 
9145 144-102-02 SHNE 
9154 144-098-25 NEl+I 
9175 141-100-02 SHNH 
9200 142-098-31 SHSE 
9218 141-102-01 NESH 
9228 144-100-19 SHSE 
9242 142-099-25 SHSH 
9271 144-102-22 SEl+I 
9321 143-100-08 SESE 
9340 143-102-15 NESE 
9351 144-101-06 t+ISE 
9382 140-098-26 SHt+I 
9386 144-101-18 SHNE 
9422 140-098-09 SENE 
9425 144-102-11 NEl+I 
9432 144-101-34,......... 
9449 142-098-29,......... 
9461 144-100-13 SESH 
9492 144-101-19 SESH 
9515 144-102-29 SHNE 
9516 144-101-01 SENE 
9529 143-098-34 SHt+I 
9534 142-102-29 t+ISE 
9567 144-101-33 SENE 
9585 144-101-33 NEl+I 
9609 141-100-10 SHSE 
9646 141-100-27 NESH 
9670 140-098-04 SHSE 
9786 140-099-03 SHNH 
9838 143-100-16,......... 
9859 143-099-04 SESH 
APACHE CORP. 
GULF OIL CORP. 
144 
HH . H. HUNT TRUST ESTATE 
ADOBE Oil & GAS CORP. 
JERRY CHAMBERS EXPLORATION CO. 
COASTAL Oil & GAS CORP. 
AHAREX, INC . 
JERRY CHAMBERS EXPL. CO. 
DAVIS Oil COMPANY 
COASTAL Oil & GAS CORP. 
SUPRON ENERGY CORP. 
SUl3EHH GAS, INC. 
SUPRON ENERGY CORP. 
UNION TEXAS PETROLEU1 CORP. 
UNIT DRILLING & EXPLORATION CO. 
LADD PETROLEU1 CORP. 
TERRA RESOURCES, INC. 
AMOCO PRODUCTION CO. 
UNIT DRILLING & EXPLORATION CO . 
COASTAL Oil & GAS CORP. 
KOCH EXPLORATION CO . 
AHAREX, INC. 
COASTAL Oil & GAS CORP . 
TENNECO OIL CO. 
TENNECO OIL CO. 
SHELL Oil CO. 
MILESTONE PETROLEU1, INC . 
GETTY Oil COMPANY 
DOVER OIL, INC. 
DAVIS OIL CO. 





ALLRED FEDERAL #11-1 
COCG/ALAQ 19-144-100 BN 
ARMBRUST #1 
CONNELL #6-22 









KIRSCH STATE #1-29 








11At1ILTON USA #4-33 





JACKRAB8IT STATE #16-1 
A. H. THOMPSON "C" #1 
9862 143-100-20 tff>E 
9880 144-100-17 SHNE 
9888 144-100-06 SESH 
9931 143-100-17 l\l+IE 
10120 141-101-16 l\l+IE 
10134 143-100-01 SEl'l'I 
10181 142-099-13 NESH 
10221 142-102-05 NESE 
10366 140-101-01 SENE 
10384 140-100-06 l'l'ISH 
10451 144-101-13 SHf+I 
10474 143-102-10 SHSH 
10475 143-102-34 l\l+IE 
10481 140-100-05 SHf+I 
10502 141-100-32 SHSE 
10516 140-101-12 NENE 
10532 142-098-32 SHSH 
10576 144-102-23 tff>E 
10587 140-098-18 SHNE 
10596 144-102-10 NESH 
10597 141-099-13 SEl'l'I 
10776 142-099-24 NESH 
10791 140-101-01 NHNE 
10795 141- 102-33 l\l+IE 
10803 141-100-34 SHNE 
10843 140-100-06 SHf+I 
10874 141-100-09,....... 
10877 142-100-21 SHNE 
10895 141-100-18 l'l'ISH 
10901 141-102-09 l'l'ISE 
10999 144-098-19 SESE 
145 
PATRICK PETROLEU1 CO. 
LADD PETROLEU1 CORP. 
CITIES SERVICE co. 
DAVIS OIL CO. 





HEST FRANKS CREEK 
STATE #2-16 
COASTAL OIL & GAS CORP . COGC 1-143-100 8N #IV 
BHAB, INC . ARHBRUST #13-13X 
DIAHOND SHAHROCK CORPORATION RAINBOH FEE #43-5 
DONALD C. SLAHSON FEDERAL #1-1 
DONALD C. SLAHSON FEDERAL #2-6 
AHOCO PRODUCTION COHPANY USA AHOCO HAGPIE #13-1 
BASIC EARTH SCIENCE SYSTEHS, INC . MIKKELSON-HOSSER #14- 10 
BASIC EARTH SCIENCE SYSTEMS, INC. MIKKELSON SE-SHORT #31-34 
DONALD C. SLAHSON JABORSKI #1-5 
DONALD C. SLAHSON FEDERAL #1-32 
DONALD C. SLAHSON STAPP #1-12 
DONALD C. SLAHSON/BADGER OIL OBRIGEHITSCH #1-32 
CORPORATION 
~ANCE PETROLEU1 CORPORATION FEDERAL #10-23 
HNG OI L COHPANY ZALESKY 18 #1 
BASIC EARTH SCIENCE SYSTEHS, INC . FANTAIL-FEDERAL #23-10 
ADOBE OIL & GAS CORPORATION PALANIUK #22-13X 
PROPEL ENERGY CO. ANNA LOGOSZ 1 
DONALD C. SLAHSON FEDERAL 4-1 
DIAHOND SHAHROCK EXPLORATION CO. HARRIS FEDERAL 31-33 
FLORIDA EXPLORATION CO. FEDERAL 34- 1 
DONALD C. SLAHSON FEDERAL 3-6 
DONALD C. SLAHSON BURLINGTON NORTHERN 1-9 
PROPEL ENERGY CO . EDNA B. EGLY 1 
DONALD C. SLAHSON FEDERAL 1-18 
CANTERRA PETROLEUM, INC. CHATEAU, CANTERRA 141-102 US 
10- 9 
ANR P.RODUCTION COHPANY KNIFE RIVER 1-19 
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11025 141-100-03-1'.t'CSH BASIC EARTH SCIENCE SYSTEMS, INC . CERKONEY-BN 13-3 
11109 143-102-18 NESE CITIES SERVICE OIL & GAS CORP. FEDERAL DK-1 
11171 143-098-23 NEr+4 AHOCO PRODUCTION COMPANY BURLINGTON NORTHERN "D" 3-23 
11285 142-102-05 r+4r+4 DIAMOND SHAMROCK EXPLORATION CO. BEAVER CREEK FEE 11-5 
11319 143-100-32 r+4SE KOCH EXPLORATION CO. SIHNIONIH 3 
11344 140-101-31 SEr+4 CANTERRA PETROLEUM, INC . BN #6-31 
11357 143-098-22 NENE AHOCO PRODUCTION COMPANY JILEK STATE #1-22 
11432 142-098-18 NESH PETRO-LEHIS CORP. DUTCHAK 23-18 
11570 140-101-33 SHSE CANTERRA PETROLEUM, INC. BN 15-33 
11667 144-100-07,..... LADD PETROLEUM CORPORATION NORTHRUP 1 
11698 142-102-06 r+4NE CITIES SERVICE OIL & GAS FEDERAL DH-1 
CORPORATION 
12117 143-098-32 r+4SE UNION OIL COMPANY OF CALIFORNIA HACHNICKI #l-J32 
APPENDIX B 
WELLS WITH DUPEROW CORE 
The wells with Duperow Formation cor e, or pieces from cores 
(chips), that were examined for this study are listed. The well list is 
ordered by North Dakota Geological Survey numbers, and includes the 
type of sample and the depth (ft) of the interval that was cored. 
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WELL NO. SAMPLE TYPE CORED INTERVAL 
859 chips 11,122 - 11,240 
6378 core 11,196 - 11,256 
6543 core 11,242 - 11,301 
6647 core 11,595 - 11,669 
6919 core 10,938 - 10,963 
6995 core 10,940 - 10,980 
7045 chips 11,156 - 11,187 
7086 core 10,937 - 10,970 
7091 core 10,956 - 10,990 
7097 core 11,305 - 11,361 
7102 core 11,046 - 11,079 
7104 core 11,357 - 11,404 
7119 core 11,265 - 11,343 
7283 core 11,317 - 11,378 
7846 core 10,922 - 10,963 
7125 core 10,968 - 11,004 
7307 core 11,764 - 11, 790 
7349 core 11,210 - ll, 270 
7351 core 11,262 - 11,318 
7438 core 11,092 - ll, 123 
77 76 core 11,107 - ll, 136 
8026 core 11,097 - l 1, 127 
8456 core 11,029 - 11,060 
9033 core 10,915 - 10,951 
APPENDIX C 
REPRESENTATIVE CORE AND THIN-SECTION DESCRIPTIONS 
The wells are listed in alphabetical order by oil field names, and 
within each field in numerical order by North Dakota Geological Survey 
(NDGS) well number. Core and thin-section depths (in feet) are recorded 
from depths reported to the North Dakota Geological Survey on the core 
boxes. The cored interval is described first, followed by the 
descriptions of the thin-sections within that i nterval. The thin-
section descriptions are indented. 
The description format is as follows: textural rock name; 
allochems (from least abundant to most abundant); structures; minerals 
and diagenetic features; pressure and dissolution features, and 
ancillary observations. The terminology for the described features 
follows classifications by Dunham (1962) for rock names; Maiklem et al. 
(1969) and Logan (1987) for evaporites; Folk (1965) for mineral and 
diagenetic features; and Wanless (1979) for pressure-solution features. 
The following abbreviations are used in the descriptions: ac = 
acicular; an= anhedral; bld = bladed; er= coarse; eq = equant; eu = 
euhedral; fn = fine; nsss = non-sutured solut ion seam; m = median; sc = 
scattered; sh= subhedral; sss = sutured solut i on seam; v = very; ? = 
uncertain. 
The following wells are representative of the Duperow Formation in 
the Billings Anticline and are described in detai l . 
Four Eyes Field 
NDGS No. 6378 
NDGS No. 6543 
TR Field 
NDGS No. 7091 
NDGS No. 7846 
Tree Top Fie ld 
NDGS No. 7097 
NDGS No. 7349 
Whiskey Joe Field 
NDGS No . 7102 
NDGS No. 7438 
T 
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Four Eyes Field 
NDGS No. 6378 SENE 30-143-100 
Tenneco Oil Company, Gawryluk-Johnson 1-30 
Core depth Description 
Thin-section depth Description 
11,196-11,197 mudstone; breccia (some breccia clasts with anhydrite, 
solution collapse at base), s a lt hopper casts (at base), 
thin laminations, disrupted laminations; limestone, 
anhydritic and clayey (increasing downward), anhydrite 
(er tabular poikiloblastic, and fn crystalline nodular 
or void filling), anhydrite in fractures between 
breccia, some anhydrite crystal appear truncated by 




mudstone; calcite (micrite and fn to er sh), 
micrite inverting to mic r ospar, calcite in voids, 
anhydrite replacing calcite, trace of dolomite, 
skeletal molds?; nsss 
mudstone; peloids; thin laminations (some 
stromatolitic?), disrupted lami nations, s alt hopper 
casts, intraclasts; limes tone, anhydritic and 
dolomitic, anhydrite (felted) in salt mo l ds and 
thin laminations; nsss 
11 , 19 7-11,199 anhydrite interlaminated with mudstone; laminated to 
thin laminated; anhydrite , dolomitic 
11 , 199-11,201 anhydrite; thin laminated ; anhydrite (felted) ; nsss (5 
mm thick) at bottom 
11 , 201-11,202 floatstone to mudstone; disrupted laminations , laminated 
to thin laminated, breccia (solution collapse?); clasts 
(angular to subrounded); dolomite, highly anhydritic 
11,201 
11,201 
floatstone; breccia (angular to subangul ar, graded 
thin laminations with in clasts), peloids; laminated 
crusts on some clasts, locally mottled, fractured 
(minor displacement); dolomite, anhydritic, 
dolomite (an microcrystalline to eu fn 
rhombohedrons), eu dolomite rim some voids, 
anhydrite (tabular and felted in some fractures and 
in some voids), anhydrite replacing dolomite, 
gravity cement?, dissolution voids; sss: detrital 
silt? 
mudstone to anhydrite; peloids, intraclasts; 
laminated to thin lami nated, graded laminations, 
disrupted laminations (pressure anhydrite 
crystallization), anhydrite laminations, 
microchicken-wire; anhydrite interlaminated with 
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dolomite, anhydrite (felted), dolomite (an 
microcrystalline), anhydrite replacing dolomite; 
nsss; some detrital silt terrigenous and gypsum 
(angular shapes)?, organics or clay? 
11,202-11,206 anhydrite interlaminated muds t one; laminated to thin 
laminated, disrupted and d isturbed laminations ; 
anhydrite (felted) and dolomit e (microcrystalline) 
11,205 
11,206 
anhydrite and mudstone; peloids; disturbed 
laminations (pressure of crystal l ization) ; 
anhydrite (felted), dolomitic (an microcrystalline, 
and eu fn rhombohedrons), anhydrite replacing 
dolomite sc eu crystals; nsss; clays and organics 
make anhydrite cloudy, opaque black meta l lic 
mineral at some stylolites 
anhydrite; thin laminated to laminated, disrupted 
laminations, water escape structures?; anhydrite 
(felted), trace of pyrite; nsss and sss; organic, 
and, or clays define thin laminations, 
(stromatolites?), silt (quartz); quartz cement and 
anhydrite replacement may be more important than 
realize 
11,206-11,207 anhydrite and mudstone; intraclasts (rounded), laminated 
to thin laminations disrupted lamination (pull apart), 
dewatering structures?; anhydrite, dolomitic 
11,207-11,211 mudstone to wackestone; peloids, ostracodes, 
brachiopods; laminated to thin laminated, scours, cross 




wackestone; peloids, intraclasts (rounded with 
alteration rinds, brachiopods, spines, Umbellina; 
burrowed, fractured; limestone, anhydritic, traces 
of pyrite, calcite replacing dolomite, dolomite 
replacing micrite, anhydrite replacing er calcite 
and micrite, skeletal molds filled with er calcite, 
quartz replacing anhydrite?, calcite replacing 
anhydrite; nsss and sss 
packstone, peloid, bryozoan, ostracode, Styliolina, 
Rhabdostichus; thin lam i nations; limestone, 
dolomitic, dolomite rep l acing micrite, authigenic 
quartz?, possibly do l om i te an<l micrite replacement 
by quartz; nsss and sss 
11,211-11,214 wackestone to grainstone; thin laminations with some 
cross laminations; peloids, ostracodes, intraclasts 
(rounded, some coated), brachiopods?, pelmatazoan; 





wackestone to packstone; peloid, intraclastic, 
Rhabdostichus, ostracodes; laminations to thin 
laminations, graded laminations; limestone, 
dolomitic, pyritic, s i liceous?, micritization of 
allochems, dolomite replacing of micrite, quartz 
replacing dolomite rhombs?, nsss 
wackestone; brachiopod, echinoid spines, spines, 
pelmatazoan, ostracodes, calcispheres, 
tentaculitid?; limestone, anhydritic and highly 
dolomitic, dolomite replacing micrite and 
allochems, anhydrite r eplacing dolomite and 
allochems, baroque dolomite in skeletal molds and 
voids? 
packstone to grainstone; peloid, ostracode, 
intraclast (subangular to subrounded), 
Rhabdostichus, Styliolina,; limestone, dolomitic 
and anhydritic, dolomite replacing micrite, 
anhydrite replacing calcite, very fn bladed to eq 
isopachous calcite on some allochems traces of eu 
quartz; nsss; silica replacing calcite? 
11,214-11,217 packstone to grainstone; peloid, intraclast (subrounded 
to subangular, some with alteration rinds or coatings), 
ostracode, brachiopod, pelmatazoan, vadose pisolite?; 
thin laminated, cross laminated, burrows (mm scale 
Chondrites - like); limestone, anhydritic, traces of 
pyrite; nsss; hardground? 
11,216 
11,217 
packstone to grainstone; peloid, intraclast 
(rounded, some with alteration rinds, and 
encrustations including Girvanella?), ostracode, 
Umbellina, Rhabdostichus, pelmatazoan, Styliolina, 
echinoid spines ; Chondrites - like burrows; 
limestone, dolomitic, traces of pyrite, acicular 
isopachous cement on some allochems, sh calcite in 
voids, eu quartz sc, but concentrations in 
stylolite swarms; nsss and sss; quartz replacing 
spar? 
packstone to wackestone; peloids, intraclasts 
(subrounded to subangular, with alteration rinds, 
encrustations?), brachiopod, gastropod?, 
Girvanella?; borings in skeletal allochems; 
limestone, dolomitic , anhydritic, micrite, dolomite 
replacing micrite, dolomite replacing brachiopod, 
some intraskeletal peloidal cement (high 
magnesium?), er calcite in voids, dissolution of 
gastropods (er calcite in void); nsss 
11 , 217-11,219 wackestone to floatstone; intraclasts (angular to 
subangular), brachiopod, pelmatazoan, ostracode, 
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anhydrite nodule; burrowed; limestone, anhydritic and 
highly dolomitic; nsss and sss; storm washover? 
11,219-11,222 floatstone; stromatoporoid (hemispheroidal, spheroidal, 
and tabular), coral, brachiopod, solenopora; 
homogeneous, borings in stromatoporoids; dolomite, 
anhydritic and highly calcitic, matrix highly 
dolomitized, tabular anhydrite most common in 
stromatoporoids; sss at base 
11,219 
11,221 
wackestone to floatstone; stromatoporoid, 
brachiopod, pelmatazoan; homogeneous; limestone, 
anhydritic and highly dolomitic, dolomite replacing 
micrite and allochems, anhydrite replacing 
dolomite, calcite in intraskeletal voids 
floatstone to boundstone; homogeneous; limestone, 
anhydritic and highly do l omitic, dolomite replacing 
micrite and allochems, calcite in intraskeletal 
voids, anhydrite (tabular) replacing dolomite and 
calcite, anhydrite pseudomorph after gypsum; nsss 
11,222-11,223 wackestone; peloids (local i zed in a few laminations; 
burrows; dolomite, highly calcitic; nsss and sss at base 
11,223 crystalline, wackestone? ; homogeneous; dolomite, 
highly calcitic, anhydritic , dolomite replacing 
micrite (cloudy nuclei), dolomite in voids (because 
of dissolution and collapse?), calcite replacing 
dolomite, dissolution of dolomite, anhydrite cement 
and replacing dolomite, mold of bivalve 
11,223-11,227 floatstone with a wackestone matr i x; homogeneous to 
burrowed; stromatoporoid (hemispheroidal, spheroidal, 
tabular), coral, brachiopod; dolomite, anhydritic and 
highly calcitic, anhydrite (tabular) pseudomorphs after 
gypsum, anhydrite concentrated in stromatoporoids; nsss 
11,224 floatstone with a wackestone matrix; 
stromatoporoid, brachiopod, worm tubes (serpulid?, 
encrusted by stromatoporoid) encrusting bryozoan?; 
homogeneous (burrowed?); limestone, anhydritic and 
highly dolomitic, do l omite r eplacing micrite and 
skeletal allochems (e.g. brachiopod), er sh calcite 
fills worm tubes and intraskeletal voids , anhydrite 
replacing stromatoporoid (anhydrite pseudomorph 
after gypsum); nsss 
11,225 crystalline; homogeneous; dolomite, anhydritic, 
highly calcitic, trace of pyrite, dolomite 
replacing micrite, baroque dolomite infill some 
intracrystalline voids?, anhydrite infill and 
replacement dolomite, calcite replacement of 
dolomite, and dissolution of anhydrite, authigenic 
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eu quartz (doubly terminated crystals), silica 
replacing dolomite? 
11,226 crystalline; homogeneous; dolomite, anhydritic, 
calcitic, trace of pyrite, dolomite replacing 
micrite (rhombohedral with cloudy centers), baroque 
dolomite (syntaxial on rhombohedral dolomite and in 
intercrystalline voids), anhydrite (tabular, 
replacing dolomite and in dolomite intercrystalline 
voids), anhydrite dissolution (appears almost 
totally), dolomite dissolution, silica cement and 
replacement (dolomite?) 
11,227-11,233 mudstone to floatstone; brecc i a ( up to 7 cm, average 3 
cm) , intraclasts, brachiopods, stromatoporoid (in the 
upper 3 ft, spheroidal); burrowed, breccia (solution 
collapse?); dolomite, anhydritic (basal 2 ft, tabular 
crystals up to 3 cm); nsss and sss at base (3 cm 
amplitude stylolite up to 1 mm thick) 
11,228 crystalline; homogeneous; dolomite, anhydritic, 
same as above except less baroque dolomite and 
quartz?; vertical solution vugs? (dissolution of 
dolomite and anhydrite) 
11,229 crystalline; homogeneous; dolomite, same as above 
except less baroque dolomite and increased porosity 
(increased dissolution?); sss (1 cm ampl i tude) 
11,232 crystalline; homogeneous; dolomite, same as above, 
except dolomite more abundant er calcite fills some 
vugular voids, anhyd r ite appears partially 
dissolved, an and eu quartz in voids and replacing 
dolomite? 
11,233 crystalline; homogeneous (burrowed?); dolomite, 
anhydritic and calcitic, dolomite (an to eu 
microcrystalline), dolomite replacing micrite or 
primary, anhydrite (tabular) replacing dolomite, 
calcite replacing dolomite and anhydrite 
(mimically), an and eu quartz pore filling and 
replacive?; vugular voids (dissolution of 
anhydrite?); quartz silt 
11,233 crystalline; homogeneous (burrowed?); dolomite, 
anhydritic and calcitic, same as above; an quartz 
replacing dolomite, dissolution of anhydrite 
11,233-11,235 mudstone; intraclasts (rounded, up to 3 cm sandy 
(quartz, rounded, up to 1.5 mm) and silty 
(siliciclastics concentrated at contacts and in 
laminations); laminated to thin laminated, graded and 
cross laminations, patterned at base; dolomite, 
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anhydritic, calcitic (locally), clayey in appearance; 
nsss (at bottom, 5 mm thick) 
11,233 crystalline; homogeneous; dolomite (eu to an 
microcrystalline), siliceous (authigenic, sand,and 
silt), feldspathic (sand and silt), anhydritic 
(along stylolite), silica replacing anhydrite, 
calcite replacing anhydrite; sss (1.2 cm amplitude, 
maximum thickness= 2 mm), sand (well rounded 1.2 
cm) and silt (angular to subrounded) concentrations 
confined to lower side sss 
11,233 crystalline; homogeneous with minor cross 
laminations (defined by sand and silt), scours 
marks, fractured; dolomite (an to eu 
microcrys talline), quartz and feldspar (sand and 
silt, syntaxial cement?); vertical sss and 
horizontal sss (minor) 
11,235-11,236 anhydrite; thin laminated to laminated, pseudomorphs of 
gypsum on lamination surface; yellowish mineral 
(sulfur?) 
11,235 anhydrite; laminated to thin laminated; anhydrite 
(felted) 
11,236-11,237 mudstone and anhydrite; ostracodes, peloids; 
interlaminated to thin laminated, graded laminations 
(detrital gypsum); dolomite and anhydrite 
11,237-11,240 mudstone;laminated to thin lamjnated, burrowed (few, mm 
scale, localized), salt hopper mold? (compacted); 
limestone, anhydritic and dolomitic, traces of pyrite, 
anhydrite concentrated in burrows, in peloidal 
laminations, and along stylolites; nsss and sss 
11,240-11,244 mudstone to packstone; peloids, brachiopods, 
intraclasts, ostracodes, spines (seems to be high 
diversity of bivalves); limestone, anhydritic (tabular), 
dark mineralization around perimetP-r of tabular 
anhydrite; nsss and sss 
11,241 wackestone; brachiopod, echinoid spine, 
pelmatazoan, peloids, spines, ostracodes, 
Umbellina?, bryozoan?; limestone, dolomitic and 
anhydritic, trace of pyrite, dolomite replacing 
micrite (very fine rhombohedrons , concentrated 
along stylolite), anhydrite (tabular replacing 
micrite, allochems, and dolomite rhombs? ) , quartz 
(eu, doubly terminated), dissolution of aragonitic 
allochems?, an to sh calcite in mold voids; sss 
(1.3 cm amplitude, 2 mm thick) 
11,244 
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wackestone to mudstone; brachiopod, echinoid 
spines, pelmatazoan, spines, calcispheres, 
stromatoporoid fragment?; limestone, dolomitic and 
anhydritic, dolomite (rhombohedrons) replacing 
micrite and allochems, anhydrite replacing micrite, 
trace of silica replacing anhydrite dissolution of 
aragonitic allochems, calcite in mold voids 
11,244-11,245 wackestone to grainstones; peloids, brachiopods, 
ostracodes, spines, pelmatazoan, soloenopora, 
intraclasts (rounded); laminated to thin laminated, 
cross laminated and graded, scours, micro-faults (2 mm 
displacement); nsss and sss 
11,245 wackestone to mudstone; brachiopod, spine, peloid, 
ostracode, Umbellina, Styliolina; limestone, 
dolomitic and anhydritic, dolomite (fine to very 
fine rhombohedrons) and anhydrite (tabular) 
replacing micrite and al l ochems 
11,246 wackestone; brachiopod, peloid, echinoid spines, 
spines, bryozoan?; limestone, anhydritic and highly 
dolomitic, dolomite (rhombohedrons) and anhydrite 
(tabular, and felted?) replacing micrite and 
allochems, calcite fringe cement on allochems 
(acicular to bladed) and in intraskeletal voids, er 
calcite replacement or syntaxial cement?; nsss 
11,246-11,248 floatstone with wackestone to packstone matrix; 
burrowed, borings (in stromatoporoids); stromatoporoid 
(hemispheroidal, spheroidal), brachiopod, spines, 
oncolites, solenopora, gastropod; nsss and sss (at base, 
and between hemispheroidal and spheroidal horizons 
stromatoporoids) 
11,247 floatstone; stromatoporoid, brachiopod, bryozoan 
(encrusting), Renalcis?, codiacean?, arthropod?, 
gastropod?; limestone, highly anhydritic and 
dolomitic, dolomite (rhombohedrons) and anhydrite 
(tabular, nucleates preferentially in al l ochems or 
intraskeletal voids) replacing allochems and 
micrite, fn to er calcite (sh to an) in 
intraskeletal voids, high magnesium pelo i d cements 
in intraskeletal voids; nsss 
11,248 wackestone; brachiopod, spines, pelmatazoan, 
ostracode, bryozoan?, stromatoporoid fragment, 
calcispheres? ; thin laminations; limes t one, 
anhydritic and dolomitic, dolomite replacing 
micrite, anhydrite replacing allochems and micrite; 
sss cutting dolomite rhombohedrons 
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11,248-11,251 wackestone; brachiopods (abundance and diversity appear 
to decrease downward), spines; burrowed; limestone, 
anhydritic and dolomitic; nsss 
11,249 wackestone to mudstone; brachiopod, pelmatazoan, 
spines, codiacean?; limestone, anhydritic and 
highly dolomitic, dolomite replacing micrite, 
anhydrite replacing skeletal allochems, micrite and 
dolomite, quartz (eu, doubly terminated) and 
replacing anhydrite and dolomite (trace) 
11,250 wackestone to mudstone; same as above except 
dolomite (rhombohedron) 
11,251-11,255 wackestone to mudstone; homogeneous to slightly mottled 
(burrowed?); brachiopods (2 brachiopods up to 5 cm 
across the hingeline with cross-sections of 2 to 5 cm), 
pelmatazoan; dolomite changing downward to limestone, 
anhydritic, trace of pyrite (in the limestones); sss at 
bottom 
11,252 crystalline, wackestone to mudstone?; brachiopod, 
pelmatazoan; limestone, anhydritic and highly 
dolomitic, dolomite replacing micrite, and 
cementing voids?, calcite syntaxial and neomorphic 
cement, micrite replacing dolomite along nsss?, 
anhydrite cement (intercrystalline in tension? 
voids) and replacing dolomite (trace); nsss 
(micrite concentrations and open voids) 
11,252 crystalline, wackestone to mudstone; brachiopod, 
pelmatazoan; limestone, anhydritic and h i ghly 
dolomitic, dolomite replacing micrite, and 
cementing voids?, calcite syntaxial and neomorphic 
cement, anhydrite (tabular) replacing dolomite and 
filling some voids (fractures from brecciation?), 
trace quartz replacing anhydrite; nsss 
11,254 mudstone to wackestone; brachiopod, echinoid 
spines, pelmatazoan; limestone, anhydritic and 
highly dolomitic, dolomite replacement of calcite, 
and calcite (micrite) replacing dolomite?, and 
quartz replacing carbonate; nsss 
11,255-11,256 mudstone to floatstone; karst surface with desiccation 
cracks (5 cm deep and 7 mm wide) and breccia, alteration 
rind on walls of desiccation cracks, intraclasts 
(rounded, some red, some gray; some with alteration 
rinds), intraclasts deposited in cracks some as geopetal 
infill, patterned; dolomite, quartz (sand and silt), 
anhydritic clayey in appearance overlain with 5 cm of 
clay (dark green at top changing downward to dark 
reddish brown) and stylolite at top; sss above reddish 
brown calcareous clays 
------ -
11,256 
Four Eyes Field 
NDGS NO. 6543 
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crystalline, mudstone?; sand and silt (quartz, up 
to 0.5 mm); mottled ; dolomite (an to sh 
microcrystalline), trace of anhydrite (tabular in 
voids), silver, meta l lic mineral 
SESE 30-143-100 
Tenneco Oil Company, Tenneco Federal No. 2-30 
Core depth Description 
Thin-section depth Description 
11 , 242-11,243 wackestone to mudstone; limestone, anhydritic , anhydrite 
is poikiloblastic 
11 ,243-11,244 mudstone to rudstone; breccia (bottom 1 inch evaporite 
dissolution and collapse?); dolomite (microcrystalline), 
clayey; caliche appearance, fragmental sample enclosed 
in plastic bag 
11 ,244-11,245 mudstone and anhydrite; laminated to thin laminated; 
anhydritic, highly dolomitic 
11,245-11,248 anhydrite; laminated to thin laminated; anhydrite 
11,247 anhydrite and mudstone; micro-nodular, pe loidal; 
disturbed and disrupted laminations, nodu lar; 
anhydrite (felted), dolomite? (microcrystalline), 
or anhydrite replacing dolomite; pressure of 
crystallization (anhydrit e growth) 
11,248-11,25 1 mudstone and anhydrite, rudstone (R, about 4 inches 
thick near base); breccia (evaporite dissolution and 
collapse?), peloids; thin bedded to laminated, disrupted 
and disturbed laminations; anhydrite, highly dolomitic, 
(R) calcitic dolomite; 
11 , 249 
11,251 
anhydrite; peloidal; laminated to thin laminated; 
anhydrite (felted), anhydrite cement, and replacing 
micrite (or dolomite?) and peloids? 
anhydrite and mudstone; peloids; disrupted 
laminations to thin laminations; anhydrite 
(felted), dolomite? (microcrystalline), or 
anhydrite replacing dolomite; pressure of 
crystallization (anhydrite crystal growth) 
11,251-11,253 anhydrite; laminated to th i n laminated; anhydrite 
11,253-11,255 mudstone; water escape structures, thin laminated; 
l i mestone, anhydritic and highly dolomitic (locally) 
11,253 
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crystalline, mudstone?; thin laminated; dolomite, 
highly calcitic, dolomite (an to sh) replacing 
micrite and some er r hombohedrons, calcite 
(micrite) replacement of dolomite (rhombohedrons), 
anhydrite pseudomorphs of detrital gypsum with 
tabular syntaxial overgrowths and silica 
replacement (locally), authigenic silica (eu, 
doubly terminated), trace of pyrite; nsss 
11,255-11,256 wackestone to grainstone; peloids, brachiopods; 
limestone, dolomitic and anhydritic 
11,255 grainstone(G) and packstone( P); (G) peloids, 
Styliolina, calcispheres, ostracodes, intraclasts, 
bivalves, Girvanella, (P) intraclasts, Umbellina, 
brachiopods, ostracodes, wormtubes (serpulid?); (G) 
fenestrae, (P) bored allochems; burrowed?; 
limestone, dolomitic and anhydritic, micrite, 
dolomite replacing micrite, anhydrite (tabular) in 
fenestrae, (G) dissolution bivalves but not in (P), 
er an to eu calcite in molds and voids, er eu 
dolomite replaces or filling voids, anhydrite 
replacing calcite, micrite, and dolomite (mostly in 
voids); sss 
11,256-11,257 packstone to floatstone; brachiopod, peloid, 
stromatoporoid (spheroidal); limestone, dolomitic and 
anhydritic 
11,257 packstone to wackestone; peloids, intraclasts 
(rounded), pelmatazoan, ostracodes, calcispheres, 
gastropods?;limestone, dolomitic, trace anhydrite 
and silica, dolomite replacing micrite, anhydrite 
replacing micrite and allochems, silica replacing 
anhydrite, micrite cement around some allochems 
11,257-11,258 mudstone to wackestone; brachiopod?; limestone, 
do l omitic and anhydritic 
11,258-11,264 packstone to grainstone; peloids, intraclasts (rounded, 
some coated), ostracodes; thin laminations, scours, 
burrows (Chondrites-like, about 2 mm d iameter); 




packstone(P) to wackestone(W); (P) peloids, 
Styliolina, Umbellina , ostracodes, Rhabdostichus, 
(W) peloids brachiopods, pelmatazoan, Umbellina; 
l i mestone, dolomitic, trace of anhydrite and 
si lica, same as above ; sss at base 
packstone to floatstone; peloids, intraclasts, 
Girvanella, oncolites , ostracodes, Umbellina, 
spines, Rhabdostichus , calcispheres; mottled 
11,263 
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(burrowed?); limestone, dolomitic and anhydritic, 
micrite (early cement), dolomite replacing micrite, 
dissolutions some allochems (gastropods?), er an to 
sh calcite in molds and voids, anhydrite replacing 
er calcite?; nsss and sss 
grainstone to packstone; peloids, ostracodes, 
Rhabadostichus, intraclasts (rounded to 
subangular), Styliolina, metazoan fragment; weakly 
laminated to burrowed; fractured, mottled 
(burrowed?); limestone, dolomitic and anhydritic, 
calcite cement in voids (interparticle, 
intraskeletal, isopachous, eu to an, acicular and 
bladed) anhydrite replacing allochems , calcite, and 
dolomite, silica (authigenic, doubly terminated, 
replacing anhydrite?); nsss 
11,264-11,266 mudstone to wackestone; peloids, gastropods, oncolites, 
brachiopods, solenopora; limestone, dolomitic and 
anhydritic, dissolution of aragonite gastropod shell, 
anhydrite cements fills skeletal mold; nsss; gastropod 
shell is nucleus for oncolite, oncolite partially 
encrusted by solenopora 
11,265 packstone(P) and mudstone to wackestone (MW); (P) 
peloids, intraclasts (rounded, many with alteration 
rinds), vermiform gastropods or wormtubes, 
brachiopods, bryozoan, pelmatazoan, spines, 
ostracodes, (MW) brachiopod, pelmatazoan, 
ostracode, Umbellina, spines, calcispheres, peloids 
·(in burrows); burrowed, fractured; limestone, 
dolomitic, trace of anhydrite, calcite as micrite 
and void cement (er to fn an to sh), dolomite 
replacing micrite (concentrated in MW), anhydrite 
replacing calcite (fn to er mostly); nsss 
11,266-11,268 floatstone with mudstone to packstone matrix; 
stromatoporoids (tabular and spheroidal), brachiopods; 
limestone, highly calcitic; nsss 
11,266 
11,268 
wackestone to mudstone; metazoan (stromatoporoid, 
bryozoan, or coral, skeletal walls very thin with 
large chambers); mottled (burrowed?); limestone, 
highly dolomitic, trace of anhyd r ite, ca l cite as 
micrite and intraskeletal (fn to er, an to sh), 
dolomite replacing micrite, Anhydrite replacing 
calcite; nsss (abundant) 
packstone to wackestone; brachiopod, bryozoan, 
calcispheres, spines, coral, soloenopora (bored), 
Renalcis?; homogeneous mottling (burrowed?), boring 
in some allochems; limestone, dolomitic and 
anhydritic, same diagenetic pattern as above; nsss 
---r- - -
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11,268-11,271 wackestone to packstone; brachiopod, coral, 
stromatoporoid; homogeneous (burrowed?); limestone, 
highly dolomitic; nsss and sss at bottom 
11,270 wackestone to packstone; bryozoan, brachiopod, 
spines, pelmatazoan; mottled (burrowed?), 
fractured; limestone, dolomit i c, dolomite replacing 
micrite and allochems; nsss (some within unaltered 
micrite patches bounded by sss, indicates 2 
episodes stylolitization?) and sss (some truncate 
dolomite rhombs) 
11,271-11,275 floatstone with mudstone to packstone matrix; 
stromatoporoids (tabular at top and bottom and 
spheroidal in middle), brachiopods; mottled (burrowed?), 
borings in skeletal allochems; limestone, anhydritic, 
highly dolomitic, dolomite i ncreases downward, anhydrite 
pseudomorphs after anhydrite in some stromatoporoids; 
nsss; tabular stromatoporoid at top is densely cemented 
11,272 
11,274 
floatstone to wackestone; stromatoporoid, coral, 
solenopora, brachiopod, spines, calcispheres, 
bryozoan? (encrusting); homogeneous to mottled 
(burrowed?); limestone, highly dolomitic, trace of 
silica and anhydrite, calcite as micrite and er an 
to sh within intraskeletal voids (syntaxial 
overgrowths in cora l eu acicular to bladed, and 
equant to an in stromatoporoids), dolomite 
replacing micrite and baroque dolomite (curved 
margins) syntaxially overgrowing dolomite and 
filling intercrystalline porosity, anhydrite 
replacing calcite, silica (eu doubly terminated, 
replacing dolomite?), calcite replac i ng dolomite?; 
nsss 
crystalline, wackestone?; brachiopod , 
stromatoporoid or coral; homogeneous ; dolomite 
(rhombohedrons), highly calcitic, traces of silica 
(eu, doubly terminated), dolomite replacing micrite 
and allochems, calcite (microspar) in voids, and 
replacing dolomite?, dissolution of dolomite?; nsss 
11,275-11,279 wackestone to mudstone; brachiopods, intraclasts 
(subrounded to subangular, up to 5 cm in diameter, occur 
in 2 thin beds); dolomite, anhydritic and highly 
calcitic, very fine crysta l line clayey appearance at 
base, dolomite increases downward, calcite in dolomite 
intracrystalline voids locally, anhydrite (tabular) 
fills voids but shares some voids with calcite 
11 ,276 crystalline, mudstone?; homogeneous to mottled 
(burrowed?); dolom i te, calcitic (microspar), trace 
of anhydrite, dissolution dolomite, and replacement 
by calcite?; nsss 
11,278 
162 
crystalline, mudstone?; mottled (burrowed?); 
dolomite (microcrystalline, eu to an), trace of 
anhydrite and calcite; nsss 
11,279-11,280 mudstone; patterned, root casts?; dolomitic, quartz sand 
(rounded er to fn) and silt, clayey in appearance, 
becomes calcitic, anhydritic, with traces of pyrite at 
bottom; well rounded voids similar in size to the er 
quartz sand 
11,280 crystalline, mudstone?; weakly thin laminated; 
dolomitic, highly calcitic, traces of silica and 
pyrite (octahedral), dolomite replacing micrite, 
silica replacing carbonate?; nsss and micr o-sss 
11,280-11,283 anhydrite; laminated to thin laminated; anhydrite 
11,282 anhydrite and mudstone; thin laminated to 
laminated, disrupted laminations; anhydrite, 
dolomite or dolomite replaced by anhydrite, trace 
of pyrite 
11,283-11,286 mudstone to wackestone; peloids, intraclasts (rounded, 
pebble sized, in a few laminations); thin laminated to 
laminated, burrowed (Chondrites-like; limestone, 
anhydritic and dolomitic; nsss and sss (associated with 
peloid, intraclast laminations) 
11,285 mudstone to wackestone; peloids, ostracodes; thin 
laminated to laminated, fractured; limestone, 
anhydritic and dolomitic (microcrystalline) 
replacing micrite, anhydrite (tabular) selective to 
porous areas (fracture and peloids in burrow); nsss 
and sss 
11,286-11,290 wackestone; brachiopods; homogeneous (burrowed?); 
limestone, anhydritic and dolomitic; sss at bottom 
11,287 wackestone to packstone; peloids, bryozoan, 
ostracodes, spines, calcispheres, echinoi d spines, 
brachiopod; limestone, dolomitic, trace of 
anhydrite, calcite as micrite and spar in 
intraskeletal voids, dolomite concentrated along 
stylolite; nsss and sss (5 mm Amplitude, 0.5 mm 
thick) 
11,290-11,291 floatstone with wackestone matrix; stromatopor oid 
(hemispherical), brachiopod; fractured; l i mes t one, 
dolomitic and anhydritic 
11,291-11,299 wackestone to packstone; peloids, intraclasts (rounded, 
coated) brachiopods, pelmatazoan; burrowed, lithoclasts 
(well rounded, reworked into the bottom); limestone, 
anhydritic and dolomitic; sss near top and ns s s 
T 
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11,299-11,300 mudstone; patterned; dolomite (microcrystalline), 
anhydritic, clayey (a few cm at top, reddish brown, 
appears pisolitic locally by filling burrows or root 
molds) 
11,300-11,301 anhydrite; laminated to th i n laminated; anhydr i te 
TR Field 
NDGS NO. 7091 SWNW 6-100-141 
Gett y Oil Company, Mystery Creek "B" No. 6-5 
Core depth Description 
Thin-section depth Description 
10, 955-10,960 wackestone to packstone; peloids; thinly laminated and 
cross laminated, fenestrae, dewatering structures; 





packstone; ostracode, peloid, Styliolina; disrupted 
bedding, fenestrae, graded laminations; limestone, 
dolomitic and anhydritic, traces of silica and 
pyrite, dolomite cement in fenestrae, anhydrite 
replacing dolomite, dolomite replacing micrite and 
allochems; nsss 
grainstone, wackestone, and crystalline; peloids, 
ostracodes; fenestrae; limestone, dolomitic and 
anhydritic, traces of pyrite and silica, dolomite 
replacing allochems and micrite, dolomite rhombs 
concentrated with nsss and er. an in fenestrae, 
calcite rims and fills some voids, replaces er 
do l omite?, anhydrite replaces a ll locally but 
concentrated in voids, silica replaces anhydrite; 
nsss, sss 
packstone to grainstone; peloids, ostracodes, 
Styliolina, Rhabdostichus; fenestrae, graded 
laminae; limestone, dolomit i c and anhydritic, 
dolomite replacing micrite, nllochems, and in some 
fenestrae, calcite in fenestr.ae, as rims on grains 
and some pores, anhydr i te in some fenestrae and 
rep l acing some calcite; nsss, s ss 
10 , 960-10,961 packstone to grainstone; peloids, ostracodes, coated 
intraclasts (some subangu l ar and tabular), vadose 
pisolites?, oncolites?; laminated; limestone, dolomitic 
and anhydritic; sss at bottom 
10 , 961-10,964 wackestone to mudstone; peloids, brachiopods, spines, 
algae (green? and red),rounded intraclasts, 
calcispheres, encrusting bryozoan?; burrowed, geopetal 
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wackestone; brachiopods, ostracodes; burrowed; 
limestone, highly dolomitic, dolomite replacing 
micrite; nsss 
wackestone to packstone?; brachiopods, pe l oids, 
tentaculitids, spines , rounded intraclasts; 
limestone, highly dolomitic, trace of anhydrite, 
dolomite replacing calcite, anhydrite replacing 
dolomite; burrowed, alteration rinds on intraclasts 
10,964-10,975 floatstone with a wackestone to packstone matrix; 
stromatoporoids (hemispheroidal, tabular, rounded, and 
branching), corals (solitary, colonial, and branching), 
brachiopods, sponge, solenopora, bryozoa, spines 
pelmatazoan, calcispheres, intraclasts, peloids; 
limestone, dolomitic and anhydritic, dolomite replacing 








wackestone to packstone; brachiopod, 
stromatoporoid, spines, solenopora; limestone, 
anhydritic and highly dolomitic, dolomite replacing 
micrite, calcite within intraskeletal pores, 
anhydrite replacement in stromatoporoid; nsss 
wackestone; brachiopods, calcispheres, spines; 
limestone, dolomitic, dolomite replacing micrite, 
er dolomite and er calcite in intraskeletal pores, 
calcite rims some pores, micrite inverting to 
microspar; nsss 
brachiopods, Umbellina, peloids?; dolomite, highly 
calcitic (need to determine how much dolomite has 
been replaced), dolomite replacing micrite, 
calcitization?; nsss and sss 
boundstone; stromatoporoid, brachiopod, l imestone, 
anhydritic and highly dolomitic, dolomite 
replacement of calcite, anhydrite replacement in 
stromatoporoids and r eplacing dolomite; nsss and 
sss 
floatstone in a muds t one to wackestone matrix; 
stromatoporoid, brachiopod; fractures; limestone, 
anhydritic and highly dolomitic, dolomite replacing 
micrite, peloidal and intraskeletal calcite cement; 
nsss and sss 
boundstone in a wackestone to packstone matrix; 
borings; stromatoporoid, brachiopods, coral; 




dolomite replacing micrite, ,anhydrite replacing 
calcite and dolomite especially in stromatoporoids, 
intraskeletal calcite cement, trace of quartz; nsss 
wackestone; brachiopod, spines, pelmatazoa; 
homogeneous; dolomite, anhydritic and highly 
calcitic, dolomite replacing micrite and skeletal 
allochems, doubly terminated eu quartz; nsss and 
sss 
wackestone; brachiopod, spines; 
homogeneous,pelmatazoan; limestone, anhydritic and 
highly dolomitic, dolomite replacing micrite and 
skeletal allochems; nsss 
10,975-10,977 intraclastic floatstone, wackestone to mudstone; nodular 
(burrows?); dolomite, calcitic; nsss 
10,975 
10,976 
crystalline, wackestone?; brachiopod; nodu lar; 
dolomite, calcitic, dolomite replacing micrite and 
skeletal allochems, calcite replacing dolomite, 
solution channels; burrowed; nsss 
crystalline, mudstone?; dolomite (extremely fine 
rhombs), calcitic, quartz grains (silt?), 
unidentified silver metallic mineral; nsss 
10,977-10,979 mudstone; intraclasts (rounded some with alteration 
rinds) laminated, cross laminated, scoured, patterned; 
dolomite; sss at the bottom; sand, silt (some quartz), 
clayey appearance 
10,977 siliciclastic mudstone; mottling (patterned); 
dolomite (microcrystalline to submicrocrystalline), 
pyritic; sand, and silt (quartz) 
10, 979-10,980 mudstone to packstone?; brachiopod; anhydritic 
10,979 
10,980 
packstone; peloids, ostracodes, intraclasts, 
Girvenella?, foraminifera?, tentaculitids?; 
limestone, anhydritic (nodules, felted); nsss and 
sss 
packstone; peloids, ostracodes, foraminiferids, 
brachiopods, calcispheres, echinoderm spine, 
Styliolina?, codiacean?, spines, bryozoa?; 
fractures, burrows; limestone, anhydritic, an 
unidentified evaporite? 
10,980-10,983 anhydrite and mudstone; thinly laminated alternating 
dark and light bands, mudstone; cross laminations, 
fenestrae?; dolomite, anhydritic; sss at bottom 
--,-----
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10,980 anhydrite; as above; dolomitic (microcrystalline, 
rare) 
10,983-10,984 mudstone; limestone, pyritic; nsss 
10,983 mudstone to wackestone; peloids, ostracodes; 
fractures (appear to be two types, 1 syneresis and 
2 later compaction or tectonic); limestone, 
anhydritic (pseudomorphs after gypsum), pyrite 
(cubic to botryoidal) , dolomite rhombs associated 
with nsss; nsss and sss 
10,984-10,990 wackestone to packstone; peloids, brachiopods, 
ostracodes, pelmatazoan, solenopora, calcispher es, 
gastropods, branching stromatoporoids, intraclasts 
(rounded and a lteration rinds), codiacean?; thin beds, 





mudstone to packstone; peloids, ostracodes, 
pelmatazoan, intraclasts (rounded with alteration 
rinds), calcispheres, Styliolina?, ; very thin 
laminations, burrows with back fill s tructures, 
fractures; limestone, calcite rim and er an cement; 
nsss and sss; oil? associated with er an calcite 
cement 
wackestone to packstone; ostracodes, peloids, 
brachiopods, echinoid spines, calcispheres, 
codiacean? Styliolina?; limestone, anhydritic, 
anhydrite replacing skeletal allochems and micrite, 
intraskeletal calcite cement; sss 
wackestone; peloids, brachiopods, ostracodes, 
calcispheres, algae?, Styliolina; very thin 
laminations; limestone , anhydritic (tabular, 
disseminated), dolomitic; sss 
packstone to grainstone; peloids, brachiopods, 
intraclasts (rounded, some with alteration rinds, 
and some subangular tabular with graded laminated 
peloids),echinoid spines, pelmatazoan, codiacean?; 
very thin laminations, syneresis fractures, 
fractured grains; limestone, anhydritic (replacing 
some er an calcite, and micr i te), trace of pyrite; 




NDGS No.7846 SESE 1-141-101 
Getty Oil Company, Mystery Creek No. 1-16 
Core depth Description 
Thin-section depth Description 
10,918-10,921 anhydrite with mudstone interbeds; laminated to thin 
bedded, disrupted bedding; anhydrite (felted), clayey, 
and dolomitic; nsss (stromatolitic?), NOTE: 
approximately 6 inches of core missing 
10,918 anhydrite with interlaminations of packstone; 
peloids; thin laminations, intraclasts (rounded to 
subangular), desiccation crack with peloid infill, 
scours; anhydrite (felted), dolomitic, anhydrite 
replacing dolomite? 
10,921-10,922 packstone to grainstone; peloids, ostracodes, 
brachiopods; limestone, anhydritic; nsss 
10,921 wackestone to packstone; peloids, intraclasts 
(rounded, some with alteration rinds), ostracodes, 
Umbellina, Styliolina, gastropods, Rhabdostichus; 
borings in intraclasts limestone, anhydritic and 
dolomitic, authigenic quartz (doubly terminated), 
dolomite replacing micrite (concentrated along 
stylolites), anhydrite (tabular) replacing micrite 
and skeletal allochems; nsss and sss 
10,922-10,924 wackestone; peloid, ostracode, brachiopod; burrowed; 
limestone, dolomitic and anhydritic; nsss 
10,924-10,925 mudstone; some disturbed beds, fenestrae, partially 
patterned; dolomite, anhydritic, clayey appearance; sss 
near top 
10,924 mudstone; breccia (compaction or dissolution, one 
with enterolithic laminations of anhydrite); 
patterned; dolomite (microcrystalline to 
submicrocrystalline), traces of pyrite; sss; silt 
(quartz?) 
10,925-10,933 anhydrite interlaminated with mudstone and packstone; 
peloids, intraclasts, breccia (collapse); laminations to 
thin laminations (some cross laminated and graded), 
tepee, disturbed laminations, fenestrae, salt hopper?; 
anhydrite and dolomite, clayey appearance; nsss; NOTE; 
approximately 6 inches missing 
10,926 anhydrite and mudstone; laminated to thinly 
laminated, disrupted laminations (pressure of 






same as above 
same as above 
same as above, some peloids 
10, 933-10,937 wackestone to packstone; peloids, intraclasts, 
ostracodes, brachiopods; laminated to nodular 
(burrowed?); limestone, dolomitic and anhydritic; nsss; 
NOTE: approximately 6 inches of core missing 
10,934 
10,936 
wackestone; skeletal and nonskeletal allochems; 
mottled; dolomite, anhydritic and highly calcitic, 
dolomite replacing micrite and voids (eu to an 
extremely fine), calcite in voids (er and bld, in 
skeletal molds), anhydrite (tabular) replacing 
calcite; nsss 
crystalline, wackestone?; calcisphere, skeletal 
allochem ghosts (gastropods and bivalves?); nodular 
(burrowed?); dolomite, calcitic and anhydritic, 
anhydrite replacing do lomite in porosity; nsss 
10,937-10,946 packstones to grainstone; peloids, ostracodes, 
brachiopods; fenestrae, very thin laminations 
(stromatolites?), some cross laminations, burrows, 
intraclasts, superficial ooids; limestone, dolomitic and 





packstone; peloids, pelmatazoan, Styliolina, 
os tracodes; thin laminations, dewatering 
structures; limestone, anhydritic and highly 
dolomitic, dolomite replacement of micrite and some 
allochems, dissolution of dolomite rhombs along 
nsss, anhydrite replacing calcite; nsss and sss 
packstone to grainstone; peloids, ostracodes, 
Styliolina, Rhabadostichus; fenestrae; l i mestone, 
trace of anhydrite and pyrite, er an calcite fills 
fenestrae, an microspar rims Allochems, calcite 
replacing anhydrite?, nsss 
packstone to grainstone; pelojds, intraclasts 
(rounded, most with alteration rinds), vadose 
pisolites, Umbellina; fenestrae, borings in some 
intraclasts; l imestone, er an to eu calcite filling 
voids, micritic gravity cements; nsss (individuals 
swarms 2 mm thick, aggregate swarms 1 cm thick) 
packstone to wackestone; peloids, intraclasts 
(rounded most with alteration rinds), brachiopods, 
echinoid spines, gastropod, foraminifera or 
bryozoan?; some skeletal allochems bored; 
---- --- - -~-
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169 
limestone, dolomitic and anhydritic, er an calcite 
cement in shelter, intraskeletal, and intraparticle 
voids, eu calcite as rims in some primary 
intraskeletal and interparticle voids, anhydrite 
replacing calcite, dissolution of gastropod; 
fractured grains (fracture filled with er an 
calcite); one intraclast includes a grain of well 
rounded fine quartz sand 
packstone; peloids, brachiopods, echinoid spines, 
Styliolina, calcispheres; limestone, anhydritic, 
do lomitic, calcite fi l ling voids, dolomite 
replacing micrite, anhydrite replacing dolomite and 
ca lcite, authigenic eu quartz (doubly terminated), 
some silica replacing anhydrite , calcitization; 
nsss 
10,946-10,950 floatstone with wackestone to grainstone matrix; 
stromatoporoids (hemispherical, spheroidal, some bored), 
rugose and colonial cora ls, solenopora, bryozoan, 
brachiopods, ostracodes, pelmatazoan; limestone , 
dolomitic.and anhydritic , anhydrite pseudomorphs after 
gypsum in some stromatoporoids; nsss and sss at bottom 
10,947 
10,948 
floatstone with a wackestone matrix; 
stromatoporoids, co lonial coral, brachiopods, 
spines; limestone, anhydritic and highly dolomitic, 
dolomite replacing micrite, anhydrite replacement 
in stromatoporoids calcite and dolomite, eu 
calcite in intraskeletal voids, quartz replacing 
anhydrite?; nsss 
boundstone with a wackestone matrix; 
stromatoporoid, coral, brachiopods; limestone, 
dolomitic and anhydritic, dolomite replacing 
micrite, eu calcite in intraskeletal voids, 
anhydrite replacement in stromatoporoid, anhydrite 
replacing calcite and dolomite; nsss 
10,949 packstone to wackestone; brachiopods , spines, 
calcispheres, solenopora, peloids; limestone, 
dolomitic, calcite fills interparticle voids, 
anhydrite replacing some micrite and calcite; nsss 
10,950-10,952 wackestone; brachiopods; limestone, dolomitic and 
anhydritic; nsss (pervasive) and sss 
10,950 
10,951 
wackestone to packstone; peloids, brachiopods, 
ostracodes; limestone, highly dolomitic, authigenic 
eu quartz (doubly terminated); nsss abundant 
results in overpacking 
wackestone; brachiopods; fracture dolomite, 
anhydritic and highly calcitic, dolomite 
replacement of micrite, anhydrite replacement of 
170 
dolomite and micrite, partially filled with er 
dolomite that is partially calcitized; nsss 
10,952-10,955 floatstone with wackestone to packstone matrix ; 
stromatoporoids (tabular and spheroidal), coral, 
brachiopod, bryozoan; limestone, anhydritic and highly 
dolomitic, anhydrite within stromatoporoids; nsss 
10,953 floatstone with a wackestone matrix; burrow 
mottling; limestone, anhydritic and highly 
dolomitic, dolomite replacing micrite, calcite 
filling intraskeletal voids, anhydrite rep lacing 
micrite and skeletal allochems; nsss 
10,955-10,957 crystalline, mudstone to wackestone?; skeletal 
allochems; nodular to mottled (burrowing?); dolomite, 
calcitic and anhydritic; nsss and sss 
10,955 crystalline, mudstone to wackestone?; nodular 
(burrowed?); dolomite, calcitic, dolomite replacing 
micrite, calcite filling intracrystalline voids, 
calcitization; nsss 
10,957-10,958 crystalline, floatstone with mudstone to wackestone 
matrix?; intraclasts; mottled (burrowed?); dolomite, 
anhydritic and calcitic 
10,958 crystalline mudstone?; dolomite, anhydritic, 
dolomite replacing micrite, anhydrite filling some 
intercrystalline voids, microvugs, and replacing 
some dolomite 
10,958-10,959 crystalline, mudstone to wackestone?; skeletal 
allochems; dolomite, anhydritic 
10,959-10,960 crystalline, floatstone with a mudstone to wackestone 
matrix; breccia; mottled (burrowed?); dolomite, 
anhydritic, anhydrite between breccia; nsss 
10,960 crystalline, wackestone to floatstone; breccia, 
silt grains (quartz) ; dolomite, anhydrit i c, 
dolomite replacing micrite, nnhydrite in fractures 
and replacing some dolomite, nsss 
10,960-10,961 mudstone; patterned; dolomite anhydritic, clayey in 
appearance; silt and sand (quartz) 
10,961 mudstone; patterned; black hair-like structures 
(clays or organics?); dolomite (microcrystalline), 
pyritic; silt (quartz) 
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10,961-10,962 mudstone to wackestone; ost racodes, skeletal allochems; 
limestone, anhydritic and highly dolomitic; nss s and sss 
10,962 mudstone; brachiopods, ostracodes, echinoid spines; 
fractured; limestone, anhydritic and highly 
dolomitic, dolomite replacing micrite, anhydrite 
(tabular) in fracture and replacing some do lomite, 
skeletal allochems, and micrite, anhydrite (felted 
in void or nodule) replacing some dolomite; sss; 
quartz silt 
10,962-10,963 anhydrite; laminated and thin laminated, disturbed 
laminations 
10,963 
Tree Top Field 
NDGS No. 7097 
anhydrite; laminated and thin laminations defined 
by dark olack hair-like structures (organics and 
clay?), microchicken-wire ; anhydrite (felted) 
Wm. H.Hunt Trust Estate , D. Osadchuk No. 1, SESE 15-142-100 
Core depth Core description 
Thin-section depth T-S description 
11, 305-11,306 mudstone to wackestone; microbreccia , peloids ; birdseye 
structures, and disturbed laminations to thin beds; sss 
basal contact; dolomite, c layey and anhydritic; gray 
patterned; birdseye structures within fragmented thin 
beds 
11,305 mudstone and intraclastic wackestone; 
microcrystalline dolomite, slightly calcit ic and 
anhydritic; bedding disrupted by pressure of 
crystallization 
11, 306-11,307 anhydrite; laminated to thin bedded; felted 
11, 307-11,308 mudstone to packstone; peloids; apparent desiccation 
cracks; slightly dolomitic and calcitic anhydrite 
11,308 mudstone; weakly mottled; sss within some 
interbeds; dolomite, slightly anhydritic, and trace 
amounts of pyrite; anhydrite replacing some 
dolomite and plugging some porosity 
11,308-11,310 anhydrite; laminated to thin beds, sss contact at base 
11,309 
11,310 
anhydrite; thin bedded , mm scale disruptions; 
felted; trace of pyrite; clays and organics appear 
to define laminations 
anhydrite; peloids, coated grains, pressure of 
crystallization breccia; disrupted thin beds; 
r 
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slightly dolomitic and calcitic, sc dolomite rhombs 
replacing micrite and floating in anhydrite 
11,310-11,312 mudstone with laminations and thin interbeds of 
packstone and grainstone; peloids; dolomite, anhydritic 
11,311 
11,312 
mudstone; thinly laminated; dolomite, slightly 
anhydritic, trace of pyrite; laminations defined by 
different size finely crystalline dolomite rhombs 
mudstone; dolomite, calcitic and anhydritic; 
dolomite replacing micrite, anhydrite filling voids 
and minor replacement of dolomite, do lomit e rhombs 
densely packed at top becoming more open t oward 
bottom, average rhomb size= 118 microns 
11,312-11,313 mudstone with laminations and thin interbeds of 
packstones and grainstones; peloids; limestone, 
dolomitic and anhydritic 
11,313 mudstone; dolomite, calcitic and anhydritic, trace 
of pyrite; dolomite replacing micrite, trace of 
anhydrite replacing dolomite 
11,313-11,315 mudstone; possibly intraclasts; laminated to thinly 
laminated; dolomite, anhydritic; nsss; intraclast 
probably represent washover deposits 
11,313 
11,315 
mudstone; fine rhombohedral dolomite, anhydrite; 
anhydrite replacing dolomite 
mudstone; ghosts of thin laminations defined by 
different size rhomb; dolomite (fine and extremely 
fine rhombs), anhydritic (euhedral laths) and 
calcitic (micritic); dolomite replacing micrite, 
anhydrite replacing dolomite 
11,315-11,318 mudstone to grainstone; peloids; fenestrae, very thin 
laminations possibly stromatolites, burrows and water 
escape structures possibly; limestone , dolomitic and 
anhydritic, trace of pyrite (framho i dal); anh7idrite and 
pyrite concentrated along dark "stromatolitic' 
laminations 
11,317 grainstone; peloids, superf i cial ooids, skeletal 
allochems, intraclasts; fractures, fenestrae; 
limestone, anhydritic and dolomitic, trace of 
pyrite; nsss along the bottom; ac and bld 
isopachous calcite cement, er an calcite cement 
(with twinning and two phase fluid inclusions), er 
eu dolomite cement, dolomite replacing micrite, 
anhydrite replacing all components but appears 
preferential to er calcite and least to peloids, 
- -- -- - -- ---~---
173 
oil and cements in some fractures 
11,318-11,322 wackestone to grainstone; peloids; burrowed; limestone, 
dolomitic to anhydritic (tabular), traces of pyrite; 
nsss and sss; anhydrite concentrated in burrows and 
interparticle pores, pyrite associated with anhydrite 
11,318 grainstone to wackestone; peloids, skeletal 
allochems, intraclasts; possibly small burrows, 
weakly laminated; limestone, anhydritic, dolomitic, 
trace of pyrite, calcite replacing dolomite, 
dolomite replacing cal cite, anhydrite mostly 
replacing void filling calcite, but some of 
everything, probable hydrocarbons and clays around 
dolomite rhombs; nsss 
11,322-11,322 carbonaceous shale; laminat ed; pyritic; contacts are 
irregular wispy 
11,322-11,323 wackestone; skeletal allochems; burrowed; limestone, 
anhydritic and dolomitic; sss basal contact 
11,322 wackestone to packstone; peloids, skeletal 
allochems, intraclasts; limestone, anhydritic and 
dolomitic, trace of pyrite, anhydrite (felted) 
replacing skeletal allochems, calcite, and 
dolomite; nsss and sss 
11,323-11,324 floatstone to wackestone; intraclasts; limestone, 




wackestone; skeletal allochems; limestone, 
dolomitic (very fine rhombs) and anhydritic, 
dolomite replacing micrite 
wackestone; brachiopod, bryozoan, Styliolina, 
intraclasts (bored and micritic alteration rinds), 
pelmatazoan, calcispheres?, ostracode?, ; mottled 
(burrowed); limestone, highly dolomitic, trace of 
anhydrite and quartz, calcite (micrite), dolomite 
(rhombohedral, average 90 microns in size, larger 
range in burrowed sediment) replacing micrite; nsss 
and sss 
wackestone to packstone; peloids, intraclasts 
(rounded, bored, micr ite rinds, maximum dimension 5 
mm x 2 mm subrounded to rounded), bryozoan, 
brachiopod?; mottled (burrowed?); do l omit e, 
anhydritic and moderately calcitic, dolomite 
replacing micrite, calcite (micrite and microspar), 
anhydrite (tabular) cement, and replacing dolomite 
and micrite (preferentially?); sss (5 mm amplitude) 
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11,324-11,333 floatstone to wackestone; stromatoporoids 
(hemispherical, tabular, and spherical), coral, 
solenopora, brachiopods; mottled (burrowed?), borings 
(in stromatoporoids); limestone to dolostone (locally), 






wackestone and crysta l line; spines, bryozoan?; 
mottled (burrowed and, or dolomitized); dolomite, 
anhydritic and calcitic, dolomite (rhombohedral) 
replacing and micrite allochems, calcite (micrite), 
anhydrite (tabular) replac i ng micrite and in some 
voids 
crystalline, wackestone?; brachiopods, 
pelmatazoan?; mottled (burrowed? selectively 
dolomitized, larger rhombs); dolomite, anhydritic 
and calcitic, trace of pyrite, dolomite 
(rhombohedral) replacing micrite and allochems?, 
calcite (micrite) matrix, in some voids 
(microspar), and replacing dolomite?, anhydrite 
(tabular); nsss 
wackestone; brachiopods, undifferentiated 
fragments; mottled to homogeneous; dolomite, 
anhydritic and highly calcitic, trace of quartz (eu 
doubly terminated), dolomite (rhombohedral) 
replacing micrite, calcite (micrite) matrix, 
(microspar) in voids (rimm i ng), spar overgrowth on 
pelmatazoan?, anhydrite (tabular) replacing 
micrite; nsss and sss 
crystalline, mudstone or wackestone?; mottled 
(burrowed?); dolomite, calcitic, trace of anhydrite 
and quartz, dolomite (rhombohedrons, densely 
packed) replacing micrite, calcite (micrite) 
matrix, (microspar) in voids (rimming and 
filling?); nsss 
floatstone to crystalline; stromatoporoid, 
brachiopods; boring in stromntoporoid; dolomite, 
anhydritic and calcitic,trace of quartz? (replacing 
anhydrite?), dolomite replacing micrite, calcite 
(micrite) matrix and (microspa r ) replacing 
stromatoporoid skeleton, anhydri t e (tabu l ar) 
replacing stromatoporoid pseudomorph after gypsum 
(initiated within micrite within boring?) and some 
dolomite; nsss 
11,333-11,335 crystalline, wackestone to mudstone?; brachiopod (mold); 
homogeneous to weakly mottled (burrowed?); dolomite, 
anhydritic (locally), trace of calcite, anhydr ite stops 




crystalline, wackestone?; skeletal mold; mottled 
(burrowed); dolomite, anhydritic and highly 
calcitic, dolomite (rhombohedrons) replacing 
micrite and dissolution?, calcite (micrite to 
microspar) in voids and replacing dolomite, 
anhydrite (tabular) in voids (intercrysta l line) and 
replacing dolomite? 
crystalline, wackestone?; dolomite, calcitic and 
highly dolomitic, dolomite (rhombohedrons) 
replacing micrite and dissolution?, anhydr ite 
(tabular) in voids (intercrystalline cement), 
replacing dolomite and coral skeleton?, and 
dissolution? (porosity enhancement), calcite 
(micrite) matrix and replacing dolomite?; nsss 
(dissolution of anhydrite, thus compaction 
dissolution event after this phase of 
anhydritization) 
11,335-11,337 floatstone; intraclasts (angular and rounded), 
lithoclasts (at base); breccia and conglomerate; 
dolomite, anhydritic, anhydrite (tabular) in breccia 
fractures; sharp basal contact, wavy 
11,337-11,339 mudstone; sand and silt; intraclasts (rounded); 
laminated and cross laminated (at top), mottled 
(patterned at bottom); dolomite, anhydritic (nodule), 




mudstone; silt, sand (fine), and clays?; mottled 
(patterned), cross laminations (defined by pyrite 
and silt); dolomite (an to eu microcrystalline), 
quartz and feldspar (sand and silt), trace of 
pyrite; sss along grain contacts, 
mudstone; silt, sand (fine to upper coarse, 2 mm); 
mottled (patterned); dolomite (an to eu 
microcrystalline), quartz and feldspar ( s and and 
silt) and cement (seen in SEM) 
11 , 339-11,341 missing 
11 , 341-11,342 anhydrite; laminated to thin lamfoc1ted (disturbed 
locally); anhydrite, organic and, or clay sized matter 
11,342 anhydrite; thin laminated, mic r o-chicken-wire; 
anhydrite; nsss or organic mat t er and clays 
(stromatolitic?) 
11 , 342-11,346 mudstone; mottled (associated with stylolite) ; 
limestone, highly anhydritic, calcite increases between 
some stylolites; nsss (abundant) and sss (localized 
swarms) 
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11,346-11,351 wackestone to grainstone; brachiopods, ostracodes, 
peloids, intraclasts (rounded, coated), anhydr i te 
nodule; laminated to thin laminated (cross lami nations 
at bottom), locally mottled (burrowed?), burrows 
(Chondrites-like); limestone, anhydritic, nsss and sss 
11,346 wackestone to packstone (localized at top); 
peloids, brachiopods, ostracodes, Umbellina, 
calcispheres, pelmatazoan and echinoid spines, 
foraminiferids?, bryozoan? ; burrowed (Chondrites-
like and larger, one with f aint lining), fracture; 
limestone, anhydritic and dolomitic, calcite 
(micrite) matrix, (microspar) in voids (rims and 
fill), and spar (syntaxial overgrowth cement) 
anhydrite (tabular) replacing micrite and calcitic 
skeletal allochems, dolomite (rhombohedrons) 
replacing micrite; nsss and sss 
11,351-11,354 floatstone with wackestone matrix; coral, brachiopod, 
spines, intraclasts, gastropods, solenopora; mottled 
(matrix, burrowed?), burrowed; limestone, anhydritic; 
nsss and sss; matrix locally packstone?, intraclasts at 
51 feet appear to be compaction dissolution features 
form when thin muddier beds between grainstone 
se l ectively dissolve mud at pressure points, thus 
pinching them off leaving rounded edges; disso lution 
so l utions cause reaction rinds around clasts causing the 
coated appearance 
11,353 floatstone with wackestone to packstone matrix; 
stromatoporoid, coral, brachiopod, bryozoan, 
peloids, calcispheres; mottled (burrowed?), 
fractured; limestone, anhydrit i c and dolomitic, 
calcite (micrite) matrix and (spar) in voids, 
anhydrite (tabular) replacing spar and mi crite, 
dolomite (rhombohedrons) replacing micrite 
11 , 354-11,361 wackestone to packstone; brachiopods, peloids , 
ostracodes, intraclasts (in 4 cm zone below sss, 
alteration rinds, cracked and filled with cement, 
anhydrite?), pelmatazoan (less 3 mm diameter, starfish 
plates?); burrowed, mottled; l i mestone, anhydr itic, 
trace of pyrite at bottom, anhydrite (crystallotopic), 
pyrite replacing brachiopod fragm~nts and concentrated 
along stylolites; nsss and sss 
11,356 wackestone; brachiopod, pelmatazoan, echinoid 
spines, calcispheres; mottled (burrowed?); 
limestone, anhydritic and highly dolomitic, calcite 
(micrite) matrix, (microspar) in voids (rimming and 
fill), dolomite (rhombohedrons) replacing micrite, 
anhydrite (tabular) replacing micrite 
11,357 
11,359 
Tree Top Field 
NDGS fl 7349 
William H. Hunt 
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wackestone to packstone ( trace of grainstone); 
brachiopods, peloids, intraclasts (rounded , some 
fractured, maximum dimension 1 cm, alteration 
rinds), pelmatazoan, echinoid spines, Umbellina, 
calcispheres, bryozoans, Codiacean algae? ; mottled 
(burrowed?); limestone, anhydritic and highly 
dolomitic, calcite (micrite) matrix and a l lochems, 
(spar) in voids interparticle and intraskeletal, 
rimming and fill, sh er crystals some with twins), 
dolomite (rhombohedrons) replacing micrite, 
allochems, and spar?, anhydrite (tabular) replacing 
calcite (preferentially spar); fracturing of 
intraclasts and subsequent filling of fracture with 
calcite cement - indicates intraclasts well 
cemented at time of deposition, blocky calcite 
cementation followed compaction 
wackestone; brachiopods (articulated and 
fragmented, thin walled), echinoid (spines and 
plates), pelmatazoan, calcispheres, worm tubes 
(vermiform gastropods?); mottled (burrowed, and, or 
dolomitized); limestone, dolomitic and trace of 
anhydrite, calcite (micrite) matrix and (spar) in 
voids (isopachous and an to sh er fill), and 
replacing some dolomite?, dolomite (rhombohedrons) 
replacing micrite (disseminated and preferential in 
burrows?), anhydrite (tabular) replacing calcite; 
nsss; there is one pocket of coarse grain allochems 
with large cements 
SWSE Sec. 22, T.142 N., R. 110 W. 
Trust Estate, Fritz No.2 
11,210-11,213 mudstone to packstone; laminated to thin laminated; 
dolomite, highly anhydr i tic 
11,210 
11,212 
packstone; peloids (genera lly less than 125 microns 
in diameter), ostracodes,; thin laminated, cross 
laminated, Chondrites-like bur r ows, syneresis 
cracks; dolomite, calcitic and highly anhydritic, 
dolomite (fn rhombohedrons) replacing calcite, 
anhydrite (felted) in voids (fenestral) and 
(tabular) replacing calcite nnd dolomite , calcite 
(micrite) and isopachous (eq to bladed), trace 
quartz silt and possibly authigenic (eu doubly 
terminated) quartz; hardgrounds? 
mudstone; peloids?; limestone, anhydritic and 
highly dolomitic, calcite (micrite), dolomite 
replacing micrite, anhydrite in voids and replacing 
micrite, trace euhedral quartz; nsss (up to 1 mm 
thick at bottom) 
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11,213-11,214 mudstone to floatstone; pe l oids, intraclasts; thin 
laminated, graded and thin cross laminations; dolomite, 
highly anhydritic; nsss and sss 
11,214-11,215 anhydrite; laminated to thin laminated, and disturbed 
laminations; anhydrite, trace of dolomite (in t hin 
laminations and disrupted laminations) 
11,214 anhydrite; ostracode, calcisphere; laminat ed to 
thin laminated; anhydrite, traces of calcite and 
dolomite, anhydrite (felted) in voids and (fn 
tabular) replacing dolomite and calcite (micrite in 
centers of dolomite r hombs), dolomite replaced by 
calcite before replacement by anhydrite?; nsss 
(stromatolitic?); probably was all dolomudstone at 
one time, supralittoral interlaminated mudstone and 
peloidal mudstones 
11,215-11 , 217 mudstone and anhydrite; peloids, ostracodes; laminated 
to thin laminated (graded and cross laminated), burrowed 
(Chondrite-like), disturbed laminations (anhydrite); 
anhydrite, dolomite, anhydrite nodules (felted) 
11,216 packstone to wackestone; peloids, intraclasts, 
oncolites (algae, Girvanella, and Renalcis?), 
gastropods?; burrows (some pellet sediments and 
some pellet walls), fractured; limestone, dolomitic 
and highly anhydritic; calcite (micrite), and in 
voids (eq rim cements) , anhydrite (tabular) in 
vo i ds and replacing mi crite and calcite (can see 
ca l cite twinning ghosts in anhydrite), dolomite 
(replacive rhombs), micrite inversion to microspar 
fractures 
11,217-11,220 missing 
11,220-11,223 anhydrite; laminated to thin laminated, disturbed 
laminations; anhydrite (felted), pseudomorphs (tabular) 
after gypsum on lamination surfaces; nsss (mm thick 
swarm at bottom) 
11,220 
11,222 
anhydrite; peloids (replaced by anhydrite), 
ostracode; thin laminated (wispy and cross 
laminated) to laminated (stromatolitic?) , disturbed 
and disrupted laminations; anhydrite, do l omitic and 
traces of pyrite, anhydrite (felted) rep l acing 
dolomite (dolomite rhombs very irregular and appear 
replaced), dolomite (vfn rhombs); organic matter 
(algal mats?) or clays; reasonable examp l e of 
anhydritization of laminated mudstones in 
supralittoral 
anhydrite and mudstone; peloids; thin laminated 
(wispy, plane parallel, and cross laminat ed?), 
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disrupted laminations (from pressures of 
crystallization); anhydrite (felted and fn tabular) 
replacing peloids and dolomite, dolomitic (vfn 
rhombs) floating in anhydrite; organic matter or 
clays? 
11,223-11,224 mudstone to packstone; peloids, intraclasts; laminated 
to thin laminated (disturbed and graded laminat ions), 
desiccation cracks; dolomite, highly anhydritic and 
calcitic (at bottom) 
11,224-11,227 mudstone to packstone; peloids, intraclasts; burrows 
(Chondrites-like); limestone, dolomitic and highly 
anhydritic, trace of pyrite, anhydrite (micro tabular in 
voids and replacing intraclasts); nsss and sss 
11,224 
11,226 
mudstone to packstone (thin, above scour marks); 
peloids, intraclasts (angular); laminated to thin 
laminated (locally graded and cross laminated), 
desiccation cracks or nick point, scour structures 
(at top with rip-up intraclasts from below), salt 
crystal molds?; limestone, dolomitic and 
anhydritic, calcite (micrite aggrading to 
microspar), dolomite (fn rhombohedrons to sh 
microcrystalline) replacing micrite, anhydrite 
(tabular, syntaxial as pseudomorphs after gypsum, 
concentrated in wackestone and packstone) replacing 
calcite cement (twinning and weak alizarin stain) 
and allochems, trace of quartz silt (concentrated 
in mudstone) and pyrite 
wackestone; ostracodes, spines , pelmatazoan?; 
homogenous (burrowed?); limestone, anhydritic and 
highly dolomitic, ca l cite (micrite and spar, 
syntaxial on pelmatazoan) and incipient replacement 
of dolomite, dolomite (rhombohedrons, bimodal 
sizes, large rhombs in spherical clusters, nuclei 
clouded) replacing micrite, anhydrite (tabular) 
replacing calcite (in some voids) and micrite, 
dissolution of some skeletal allochems?; nsss; 
calcite plugging of intercrystalline voids possibly 
significant but now mostly replaced by anhydrite 
11,227-11,229 mudstone; breccia and intraclasts (nt bottom); laminated 
to thin laminated (stromatolitic? nt bottom); dolomite, 
highly anhydritic 
11,228 mudstone to floatstone; intrnclasts (rounded and 
angular), peloids (vfn); thin laminated (disrupted 
at bottom, wispy to cross laminated at top); 
dolomite, calcitic and highly dolomitic, trace of 
quartz silt; dolomite (an to eu microcrystalline) 
replacing micrite and void rim cements, calcite 
(micrite), anhydrite (felted and tabular) in voids, 
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replacing calcite, dolomite~ and grains d i ssolution 
of micrite; nsss; collapse breccia and 
conglomerate?, vadose zone with weakly developed 
pendant cements? 
11, 229-11,231 anhydrite and mudstone; peloids; laminated to t hin 
laminated; anhydrite (felted), dolomite; 1 cm thick 
peloidal packstone (graded and thin cross laminated) at 
base overlying 2 mm thick black mudstone to shale 
11,230 anhydrite; peloids, calcispheres, small 
intraclasts; thin laminated (stromatolitic?, 
disturbed from pressures of crystallization?), 
burrows; anhydrite, dolomitic, trace of pyrite 
(associated with anhydrite), anhydrite (felted) 
replacing dolomite and peloids, dolomite (fn 
rhombs, most if not al l replaced by anhydrite), 
burrows (rare); 
11,231-11,232 mudstone; patterned, fenestrae; dolomite, highly 
anhydritic, clayey appearance , anhydrite in horizontal 
vo i ds 
11,231 mudstone to rudstone; peloids, breccia i ntraclasts 
(dark centers pyritic t o anhydritic, thin l aminated 
peloids and mud, co l lapse after anhydrite 
dissolution?); dolomite, highly anhydritic, trace 
of pyrite and quartz silt, dolomite 
(microcrystalline) replacing mi crite?, fn 
rhombohedrons (primary?), anhydrite (tabular) 
replacing dolomite and in voids, pyrite 
(concentrated in some intraclasts in layers, 
provides patterned appearance) dissolution voids? 
11 , 232-11,236 mudstone and anhydrite; peloids, int raclasts; laminated 
to thin laminated (disturbed and disrupted laminations, 
cross laminated), fractured; dolomite and anhydrite 
11,233 
11,234 
mudstone; intraclasts (rounded); lami nated to thin 
laminated, fractured, micro-faulted (less than 0.5 
mm displacement), fenestrae (sheet cracks ? along 
clay layers); dolomite, highly anhydritic , trace of 
pyrite and quartz silt, clays? dolomite ( an to eu 
microcrystalline), anhydrite ( tabular) replacing 
dolomite and in voids (after minor rim cements, 
calcite?); fracturing was syndepositional but post 
cementation associated with compaction, solution 
collapse, or pressure of crystallization, washover 
debris at top, possible nick points on laminations 
mudstone and anhydrite; peloids, intraclasts, 
ostracodes?; disturbed laminations (from pressure 
of crystallization), dolomite, highly anhydritic, 




microcrystalline) replacing micrite, anhydrite (fn 
to er tabular) in voids and replacing dolomite; 
some voids have weakly developed rims cements 
probably originally low Mg calcite; 
same as above; many spher i cal bodies similar in 
size to quartz sand (very coarse upper), but all 
replaced; ostracodes clear in th i s slide but all 
leached and shells replaced by limpid dolomite now 
overprinted by replacive tabular anhydrite, shells 
not crushed (mud must have been cemented early, 
before fresher water leached ostracode shells), 
articulated (minimal transportation) 
anhydrite and mudstone; nodular, disrupted 
laminations (convoluted mud from pressure of 
crystallization); anhydrite, dolomitic, anhydrite 
(felted mostly, fn tabular in voids) replacing 
dolomite and displacive, dolomite (microcrystalline 
and fn rhombohedrons), organic matter or clay 
11,236-11,237 anhydrite; laminated, disturbed laminations, nodular; 
sss at bottom 
11,237-11,239 mudstone to packstone and floatstone; peloids, 
intraclasts, micronodules; laminated (graded); 
limestone, dolomitic and anhydritic; nsss 
11,237 
11,239 
mudstone; thin laminated (stromatolitic?); 
limestone, anhydritic and highly dolomitic ; calcite 
(micrite and void filling), dolomite (vfn 
rhombohedrons); nsss 
mudstone; faint mottling (burrowed?), dolomite, 
anhydritic and highly calcitic, dolomite (fn 
rhombohedrons) replacing micrite, calcite replacing 
dolomite and in voids, anhydrite (fn tabular) 
replacing dolomite and calcite in dolomite 
intercrystalline voids 
11,239-11,240 mudstone with floatstone; intraclnsts (subangular), 
anhydrite nodules; dolomite , anhydr.i.tic and calcitic, 
alteration zones around nodules; sss at bottom 
11,240-11,245 packstone with mudstone to f loatstone; peloids, 
intraclasts, ostracodes, anhydritP- nodules; laminated to 
thin laminated (some graded, others stromatolitic?), 
burrows (Chondrites-like), fenestrae, desiccation 
cracks, dissolution vugs?, water escape structures?; 
limestone, anhydritic and dolomitic; nsss 
11,241 packstone to grainstone; peloids, ostracodes, 
Rhabdostichus, intraclasts (rounded); thin 




laminations (locally graded and cross laminated), 
fenestrae; limestone, anhydritic and highly 
dolomitic, trace of pyrite, quartz (eu, doubly 
terminated, only in muddy intraclasts), and clay 
and organic matter?, calc i te (micrite, er in voids, 
fringe or isopachous bladed and acicular on some 
grains) replacing dolomite (e.g. dolomite in 
voids), dolomite (rhombohedrons, two sizes) 
replacing micrite and peloids (fn) and in voids (m 
to er), anhydrite (tabular ) replacing some calcite 
and dolomite 
packstone to grainstone; peloid, ostracode (avg. 
longest axis 4 measurements uncompacted = 250~), 
intraclasts; stylolitic; limestone, anhydritic and 
highly dolomitic, calcite (micrite and microspar 
cement in voids and isopachous rims), dolomite 
(rhombohedral fn to vfn) replacing micrite and some 
cement, anhydrite (tabular replacing dolomite and 
micrite, appears to initiate in pores), trace of 
pyrite, trace of clays or organics?; nsss , 
intergrain penetration (compaction) 
grainstone to packstone; peloids, ostracodes, 
intraclasts, Umbellina, Styliolina, Rhabdostichus, 
tentaculitids?; weak thin laminations (graded and 
cross), bird's-eye, fractures, micro-dissolution 
collapse voids? (vadose?); limestone, anhydritic 
and dolomitic, calcite (micrite as grains and 
cement, and microspar) in voids, and as isopachous 
rims, meniscus and gravity cements, and replacing 
dolomite?, dolomite (rhombohedrons, associated with 
nsss in muddier textures) replacing micrite and 
void calcite, anhydrite (tabular) replacing 
calcitic grains and cement and dolomite, trace of 
pyrite (concentrated with dolomite), trace of clays 
or organics; nsss and sss; fractures without 
displacement and apparently no cement, fracture 
cuts calcite replaced do l omite rhombohedrons 
11,245-11,247 missing 
11,247-11,250 wackestone to grainstone; peloids, ostracodes, 
brachiopods; burrowed (Chondrites-like, approximately 1 
mm in diameter); limestone, anhydritic and dolomitic, 
trace of pyrite 
11,248 grainstone to packstone; peloids, ostracodes, 
intraclasts, Umbellina, Stylio l ina, Rhabdostichus, 
gastropods; burrows (1 mm in d i ameter and 8 mm long 
- possibly agglutinated walls) , graded bedding -
fining upwards; limestone, anhydritic and highly 
dolomitic, trace of pyrite and quartz (authigenic), 
183 
calcite (micrite as cement and grains), in voids 
(molds, and burrows, bladed and an), dolomite 
(rhombohedral) replacing calcite, and in some 
burrows (larger rhombohedrons than in matrix, 
baroque?, commonly partia l ly calcitized), in voids 
nucleating on bladed cement?) and as rim cement, 
dissolution of some allochems 
11,250-11,252 wackestone; brachiopod, intraclasts (rounded), 
solenopora, pelmatazoan, undifferentiated bivalves; 
homogeneous, (burrowed); limes t one to dolostone , 




wackestone; brachiopods, intrac l asts (rounded, 
micrite rims); burrowing (churned); dolomi te, trace 
of anhydrite, pyrite and quartz (eu doubly 
terminated), dolomite (rhombohedral) replacing 
micrite, brachiopods, and intraclasts, cal cite 
(micrite, and microspar plugging intercrystal 
pores, incipient dedolomitization) 
wackestone to mudstone; undifferentiated bivalve; 
burrows; limestone, anhydritic and highly 
dolomitic, trace of pyrite and quartz (eu, doubly 
terminated), calcite (micrite), in voids ( spar), 
and replacing dolomite?, do lomite (rhombohedral, 
unimodal) replacing micrit e and allochems, and 
dissolution? anhydrite (tabular) replacing 
dolomite, calcite ( alloch ems partially dissolved, 
nsss and sss 
11,252-11,256 floatstone; stromatoporoids (hemispherical and tabular), 
corals (some encrusted), brachiopod, red algae, 




floatstone with wackestone matrix; stromatoporoid 
(hemispheroidal, open stressed structure), red 
algae, brachiopod; burrowed (churned), boring in 
stromatoporoid; limestone, anhydritic and highly 
dolomitic, calcite (micrite) and in voids 
(microspar), dolomite (polymodal) replacing micrite 
and allochems and in some voi.ds, anhydrite 
(tabular) replacing micrite nnrt dolomite; nsss and 
sss 
wackestone; stromatoporoids, br achiopods ; 
dolomite, anhydritic and highly calcitic , dolomite 
(rhombohedral, unimodal) replacing matrix and 
allochems and in some voids, calcite (micrite), and 
in voids (intercrystalline) and neomorphic 
alteration of stromatoporoid skeleton (microspar); 
184 
anhydrite (tabular) replacing calcite and dolomite; 
nsss 
11,256-11,261 wackestone to floatstone; brachiopods, stromatoporoids 
(tabular); homogeneous (burrowed?), borings in some 
stromatoporoids; limestone, anhydritic and highly 
dolomitic; nsss; approximately 6 inches missing 
11,257 
11,260 
floatstone; stromatoporoid, brachiopod, vermiform 
gastropod?; homogeneous matrix (burrowed?); 
limestone, anhydrite and highly dolomitic, calcite 
(micrite as matrix and cement), neomorphic 
microspar, and replacing dolomite, dolomite 
(rhombohedrons, polymodal) replacing allochems 
(partial, nonmimic), micrite matrix (nonmimic), and 
in voids), anhydrite (tabular) replacing allochems 
and in voids, anhydrite pseudomorphs of gypsum; 
nsss; (> means goes to) micrite cement, micrite > 
microspar, gypsum replacing stromatoporoid then 
gypsum> anhydrite, stromatoporoid skeleton> 
micrite, micrite > dolomi te, dolomite> calcite 
(mic~ospar?), dolomite> anhydrite 
wackestone; brachiopods only recognizable grains; 
homogeneous (burrowed?); dolomite, anhydritic and 
highly calcitic, dolomite (rhombohedrons, 
polymodal) replaces micrite matrix, allochems 
(nonmimic), and in voids (largest rhombohedrons), 
calcite (as eq micrite and microspar) in voids 
(intercrystalline) and replacing dolomite, 
anhydrite (microtabular) replaces dolomite, 
calcite, and in voids?; nsss; anhydrite replacement 
greater in porous zone than in plugged zone 
11 , 261-11,264 wackestone; brachiopod; mottled (burrowed?); dolomite, 
anhydritic and calcitic; nsss; anhydrite cement locally 
and in fractures 
11,262 wackestone; brachiopod fragments & complete half 
shells, probable stromatoporoid; homogeneous 
(burrowed?), fracture (fille<l with anhydr ite after 
calcite); dolomite, calcitic And anhydrit ic, trace 
of pyrite (concentrated along stylolites), dolomite 
(rhombohedrons, polymodal, larger are clear with 
curved margins in porous zones and smaller in 
micrite), replacing micrite, allochems, and in 
voids, anhydrite (tabular) replaces dolomite and 
calcite, calcite (er sh) in voids and microspar, 
unidentified mineral (as cement, high 
birefringence, bright blue and yellow colors -
quartz?), dissolution skeletal allochems filled by 
calcite and replaced by anhydrite; nsss and sss 
--r--- ---
185 
11, 264-11,266 floatstone to rudstone with mudstone to wackestone 
matrix; intraclasts (angul ar to subangular); breccia; 
dolomite, anhydritic and calcitic 
11,264 crystalline, mudstone? to floatstone; breccia 
intraclasts larger than slide; dolomite, trace of 
pyrite and calcite, dolomite (rhombohedrons) 
replaces micrite, calcite (microspar) in voids 
(intercrystalline), d i ssolution of dolomite; nsss; 
higher porosity zones within intraclasts appear the 
result of increased d i ssolution of dolomite rhombs 
which are more densely packed within tight zones, 
results from differential starting material giving 
different dolomitization characteristics 
11,266-11,267 mudstone; anhydrite nodules; thin laminated (some cross 
laminations), patterned, f r acture; dolomite, quartz 





mudstone; intraclast ( ghosts); laminated t o thin 
laminated (cross laminations at top defined by 
sand, patterned at bottom), root casts or water 
escape structures; dolomite, quartz (sand and 
silt), trace of pyrite, clays and organics ?; 
dolomite (microcrystalline an to eu, unimodal, 
nonplanar) 
mudstone; mottled (patterned); dolomite, quartz 
(subangular silt and well rounded sand, 
disseminated throughout sediment except for a few 
localized concentrations in small pockets), trace 
of pyrite, and clays and organics?, dolomite (an eu 
microcrystalline) replacing mud 
mudstone; dolomite, trace of anhydrite, quartz 
(subrounded sand and subangular silt) and pyrite, 
dolomite (an to eu microcrystalline, unimodal, 
nonplanar), replacing micrite and in some voids, 
dissolution (plucking?) of grains; nsss and sss 
11,267-11,269 mudstone; homogenous to thin laminated (weakly), 
disturbed laminations (soft sediment deformation?); 
dolomite, calcitic (at base), and anhydritic, clayey 
appearance 
11,267 mudstone; laminated to thin laminated (some 
disrupted); dolomite, anhydritic, trace of pyrite, 
clays and organics? , dolomite (sh to eu 
microcrystalline, essentially un i modal, but upper 
crystals planar-e [euhedral], whereas below, 
planar-s [subhedral] crystal face contacts i.e and 
numerous enfacial contacts ind i cating interference 




pods of replacement anhydrite), anhydrite 
(microtabular, largest in lower portion, void?), 
replacing mud and destroying fabric, displacive 
growth of anhydrite also, calcite (micrite in voids 
or dolomite nuclei), pyrite (largest octahedral 
crystals consistently associated "nodular" 
anhydrite, smaller "framboidal" more disseminated 
along solution or replacement seams); nsss and sss; 
dedolomitization or incomplete dolomitization at 
bottom results in calcite nuclei in each rhomb with 
the dolomite of each rhomb subsequently been 
anhydritized; 
mudstone; mottled; dolomite, trace of quartz (sand 
and silt), anhydrite (felted), pyrite, and clays?, 
dolomit& (microcrystalline uniform, nonplanar) 
replacing micrite or primary?, pyrite along nsss 
mudstone; evaporite rosettes (anhydrite 
pseudomorph after gypsum); thin laminations (some 
disrupted by compaction?, and crossed, defined by 
quartz); dolomite, trace of quartz (fn subangular 
to subrounded sand and silt), clay, and anhydrite, 
dolomite (unimodal, nonplanar) replacing matrix, 
11,269-11,270 anhydrite and mudstone; l aminated to thin laminated; 
anhydrite, dolomitic 
11,269 
Whiskey Joe Field 
anhydrite to crystalline, mudstone to packstone?; 
peloids, intraclasts (angular); thin laminations 
{graded and disrupted), breccia (pressure of 
crystallization); anhydrite, dolomitic and 
calcitic, anhydrite (felted, micronodular), 
dolomite (laminated mudstone to packstone, 
microcrystalline, unimodal microcrystall i ne planar, 
allochems - replaced mimic, matrix - mostly 
replaced, some micrite remains) 
NDGS No. 7102 SWSE 27-141-100 
Al-Aquitaine Ltd., Al-Aquitaine BN 1-27 
Core depth Description 
Thin-section depth Description 
11,045-11,046 wackestone; peloids, ostracodes, spines, intraclasts; 
limestone, dolomitic 
11,046-11,049 packstone to grainstone; peloids, intraclasts, spines, 
ostracodes; limestone; sss at base 
11,047 packstone; peloids, coated intraclasts, ostracodes; 
weakly laminated; limestone, dolomitic and 
11,048 
187 
anhydritic; dolomite replacing micrite, anhydrite 
replacing dolomite and calcite 
packstone to grainstone; peloids, coated 
intraclasts, ostracodes; limestone, dolomitic and 
anhydritic, calcite replacing dolomite, anhydrite 
replacing calcite and dolomite 
11,049-11,051 wackestone to packstone; brachiopods, spines; limestone, 





wackestone; brachiopods, spines, pelmatazoa; 
limestone, dolomitic and anhydritic, dolomite 
replacing micrite, anhydrite replacing dolomite and 
micrite; nsss to sss 
wackestone to packstone; brachiopods, spines; 
limestone, dolomitic and anhydritic, dolomite 
replacing micrite, anhydrite replacing calcite, 
micrite and dolomite; nsss 
wackestone to packstone; brachiopods, peloids, 
spines, ostracodes; fractures; limestone, dolomitic 
and anhydritic, dolomite replacing micrite, calcite 
in fractures, anhydrite replacing calcite and 
dolomite, silica replacing anhydrite, nsss 
wackestone to packstone; brachiopods, spines, 
gastropod; limestone, dolomitic and anhydritic, 
dolomite replacing micrite, anhydrite replacing 
micrite and dolomite 
11 , 051-11,052 floatstone; stromatoporoids, corals, solenopora; 
limestone, dolomitic and anhydritic, dolomite replacing 
micrite, anhydrite replac i ng micrite and dolomite 
11 , 052-11,054 wackestone; branching coral, bryozoan, brachiopods; 
limestone, dolomitic and anhydritic, dolomite replacing 
micrite, anhydrite replacing micrite and dolomite; nsss 
11,054-11,055 floatstone; stromatoporoids, brachiopods, spines; 
limestone, dolomitic and anhydritic, dolomite replacing 
micrite, anhydrite replacing micrit0 and dolomite; nsss 
and sss at bottom 
11,054 floatstone; stromatoporoids, brachiopods, and 
spines; limestone, dolomitic and anhydritic, 
dolomite replacing micrite, anhydrite replacing 
micrite and dolomite, quartz replacing anhydrite 
and carbonate, nss 
11,055-11,057 wackestone; brachiopod, spines; limestone, dolomitic and 
anhydritic, dolomite replacing micrite, anhydrite 
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replacing micrite and dolomite; nsss with sss solution 
at the bottom 
11,057-11,059 floatstone; stromatoporoids, spines; limestone, 
dolomitic and anhydritic, dolomite replacing micrite, 
anhydrite replacing micrite, calcite and dolomite; sss 
at bottom 
11,058 floatstone; stromatoporoid, spines, brachiopods; 
limestone, dolomitic, anhydritic, calcitic, 
dolomite replacing micrite, anhydrite replacing 
micrite and dolomite, and silica replacing 
anhydrite and dolomite 
11,059-11,060 wackestone to mudstone; brachiopods; dolomite, calcitic, 
dolomite replacing micrite, anhydrite replacing micrite 
and dolomite 
11,060-11,062 floatstone to mudstone; intraclasts; dolomite; sss at 
bottom 1.5 cm amplitude 
11,062 
11,062 
floatstone; intraclasts; dolomite, anhydritic, 
calcitic and siliceous, dolomite replacing micrite, 
anhydrite replacing dolomite and micrite, quartz 
replacing anhydrite and dolomite, dissolution of 
dolomite and anhydrite, calcitization of dolomite; 
nss 
same as above 
11,062-11,065 mudstone; laminated to patterned, soft sediment squeeze 
up and dewatering structures at base; dolomite, quartz 




mudstone; intraclasts; laminated, cross l aminated; 
dolomite, trace of pyrite; quartz sand very coarse 
to very fine and silt, some feldspathic sand and 
silt 
same as above 
same as above; patterned; soft sediment compaction 
squeeze ups 
11,065-11,066 mudstone to packstone; ostracodes, brachiopods, spines, 
coated intraclasts, solution breccia; laminated, cross 
laminated, disrupted laminations, fenestrae, solution 
vug; nsss 
11,066 mudstone; laminated to very thin bedded; limestone, 




11,066-11,069 anhydrite; ostracodes rare, intraclasts at base; 
irregular laminations, microchicken-wire, cross 
laminated at base 
11,068 anhydrite; irregular laminations microchicken-wire; 
felted 
11, 069-11,070 mudstone to packstone; ostracodes, peloids, brachiopods, 
coated intraclasts; chondrites-like burrows; limestone, 
anhydritic and dolomitic; nsss 
11,070-11,071 packstone to wackestone; peloids, brachiopods; graded 
laminations to well burrowed; limestone, dolomi tic, 
anhydritic 
11,071-11,074 wackestone to packstone; peloids, brachiopods, 
gastropods, oncolites; thin beds, graded beds, 
laminations; limestone, dolomitic, anhydritic, anhydrite 
selectively fills burrows; sss abundant some up to 1 cm 
amplitude 
11,072 wack~stone; brachiopods, peloids, echinoderm; 
burrows, very thin beds, laminations, fractures; 
limestone, anhydritic, dolomitic, siliceous, 
anhydrite replacing micrite and calcite, dolomite 
replacing micrite, isopachous calcite, syntaxial 
overgrowth by baroque dolomite, quartz replacing 
anhydrite, fracture filled with er dolomite and 
oil, possibly two phase fluid inclusions in 
dolomite 
11,074-11,076 wackestone to grainstone; brachiopods, spines, peloids 
intraclasts, gastropods; loca l ly thin laminated to cross 
laminated; limestone, dolomit i c and anhydritic; sss at 
bottom 
11,076-11,080 wackestone to packstone; brachiopods, ostracods, 
gastropods (2.5 cm across whor l), rugose (4 cm long by 1 
cm wide) and branching coral; limestone, dolomitic and 
anhydritic, anhydrite replacing calcite, dolomite, and 
micrite; sss up to 2 cm amplitude 
11,078 packstone; gastropod, peloids, brachiopod, spines; 
burrowed; limestone, dolomitic (rhombs and baroque 
with curved faces) and anhydritic, anhydrite 
dissolution, anhydrite replacing dolomite, calcite, 
and micrite, quartz replacing nnhydrite 
j_ 
Whiskey Joe Field 
NDGS No. 7438 
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Al-Aquitaine Exploration Limited, Al-Aquitaine 28-141-100, U.S. No. 1-
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Core depth Description 
Thin-section depth Description 
11, 092-11,096 packstone to grainstone; peloids, ostracodes, spines, 
brachiopods, intraclasts (rounded, alteration rinds), 
oncolites?; fenestrae, l i mestone, anhydritic and 
dolomitic, trace of pyrite; nsss 
11,092 
11,094 
packstone to grainstone; peloids, ostracodes, 
Rhabadostichus, calcispheres, Styliolina; 
fenestrae, graded lami nations; limestone, er an 
calcite in voids with rims of bladed calci te, 
micritic vadose cement; nsss and sss; sedi ment 
infill of fractured crust 
same as above and intraclasts (rounded); t hinly 
laminated, fractured, hardground; anhydrit ic, 
pyritic, quartz? (doubly terminated) 
11, 096-11,100 wackestone to floatstone; peloids, ostracodes 
brachiopods, gastropods, oncolites, spines; thin beds, 
burrowed, graded laminations; limestone, anhydritic and 




floatstone to wackestone;peloids, ostracodes, 
gastropods (high, low spired, and encrusting), 
Rhabadostichus, Styliolina, intraclasts (rounded, 
alteration rinds, encrustations), Girvanella; 
fractures (early and late); limestone, anhydritic, 
er an calcite in voids , submarine cemented micrite, 
anhydrite replacing calcite and micrite, 
dissolution of gastropod tests; nsss; fracture in 
intraclast filled with peloids 
packstone to grainstone; peloids, ostracodes, 
Styliolina, calcispheres, brnchiopods, intraclasts 
(rounded to subrounded with nlteration r i nds); 
burrows?, fractures (dolomite cement fil l ing some 
fractures, broken gr ains); limestone, anhydritic 
and dolomitic, trace of pyrite, anhydrite replacing 
calcite, dolomite associated with burrows?, calcite 
cementing interparticle porosity, dissolution of 
some skeletal allochems (appears selective for 
gastropods rather than brachiopods); sss (rare) 
packstone to wackestone; peloids, brachiopods, 
intraclasts, gastropods, echinoid spines, 
calcispheres, anhydrite nodule (felted); burrows, 
early fracture (appears anhydrite replaces dolomite 
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infill); limestone, dolomitic and anhydritic, 
dissolution of some s keletal allochems (appears to 
select gastropods), er an dolomite fills some 
molds, most void fill dolomite replaced by 
anhydrite, bladed isopachous calcite on some 
grains, dolomite replacing calcite, early submarine 
micrite cement; nsss 
11,100-11,102 floatstone; stromatoporoids (hemispheroidal, and 
spheroidal), branching and massive corals, brachiopods, 
spines, soloenopora, gastropods; limestone, anhydritic 
and dolomitic 
11,102-11,105 wackestone to packstone; spines, ostracodes, peloids; 
nodular; limestone, dolomitic; nsss and sss 
11,102 wackestone to packstone; peloids, brachiopods, 
solenopora, calcispheres, ostracodes intraclasts 
(rounded, some with alteration rinds); limestone, 
dolomitic and anhydritic, dolomite replacing 
micrite and filling molds, anhydrite replacing 
calcite; nsss 
11,104 packstone to grainstone; calcispheres, brachiopods, 
spines, peloids, intraclasts; limestone, dolomitic; 
nsss and sss 
11 , 105-11,108 floatstone; stromatoporoids (hemispheroidal, spheroidal, 
and tabular), branching and massive corals, brachiopods, 
spines, pelmatazoan, solenopora; limestone, anhydritic, 
highly dolomitic; nsss and sss 
11,106 
11,108 
floatstone; stromatoporoids, coral, brachiopod, 
peloids calcispheres, spines, limestone, dolomitic 
and anhydritic, intraskeletal calcite cement 
(bladed and an coarse), intravoid do l omit e (an, eu 
coarse dolomite), dolomite replacing micrite, 
anhydrite replacing micrite and allochems; nsss and 
sss 
boundstone; same as above and codiacean?; borings; 
submarine peloidal cement in voids, anhydrite 
pseudomorphs after gypsum 
11,108-11,111 mudstone to floatstone; intraclasts, gastropods 
(encrusted with stromatoporoid), solenopora, 
brachiopods, spines; thin laminations, dewatering 
structures, burrowed; dolomite, calcitic and anhydritic; 
nsss and sss 
11,109 wackestone to mudstone; pelmatazoan, brachiopod, 




floatstone; intraclasts (subangular to subrounded); 
dolomite, calcitic and anhydritic, dolomite 
replacing micrite; nsss; very fine sand (quartz) 
11, 111-11,113 mudstone; intraclasts; laminated to cross laminated, 
patterned; dolomite (microcrystalline) clayey 
appearance; sss at bottom bounds a thin dolomitic 




mudstone; intraclasts, breccia?; laminated and 
cross-laminated, borings or burrows; dolomite (an 
to eu microcrystalline to submicrocrystalline), 
clays, pyrite; silt and sand (quartz) 
mudstone; patterned; dolomite 
(submicrocrystalline); silt and sand (quartz) 
11,113-11,114 mudstone to floatstone; peloids, intraclasts (rounded), 
anhydrite nodules (up to 1.5 cm long), ostracodes, 
brachiopods, oncolites; limestone, anhydritic and 
dolomitic; nsss 
11,114 mudstone; dolomite, high l y calcitic, dolomite 
replacing micrite; quartz silt 
11,114-11,116 anhydrite; laminated to thin bedded; anhydrite (felted) 
11,116-11,118 anhydrite interbedded with mudstone and packstone; 
peloids; thin beds, laminations, enterolithic anhydrite; 
anhydrite (felted); limestone; nsss 
11,116 anhydrite and packstone; peloids, intraclasts; 
laminations, disrupted laminat i ons, solution 
collapse breccia?; anhydrite (felted), 
intraskeletal anhydrite cement, micrite cement, 
clay and organic layer (4 mm thick), pyr i te 
11 , 118-11,120 mudstone; intraclasts (rounded), peloids; burrows; 




wackestone to packstone; peloi<ls, intraclasts 
(ro11nded mud lumps, alteration rinds), echinoid 
spines, pelmatazoan, ostracodes, Rhabadostichus, 
foraminifera?; nodular, borings in shell; 
limestone, bladed to er an cnlcite, submarine 
micrite cementation, pyrite; fractured grains; 
woody plant material? 
wackestone to floatstone; intraclasts (rounded), 
peloids, ostracodes, spines, brachiopods, echinoid 
spines; fractures, burrows; limestone, anhydritic, 
pyrite, anhydrite replacing calcite (appears 
- - - -, 
193 
selective to skeletal allochems, syntaxial er an 
calcite, microspar rims intraparticle voids; nsss 
and sss 
11,120-11,123 wackestone to packstone; peloids, brachiopods, 
intraclasts (rounded, up to 2.5 cm by 7 mm, some with 
alteration rinds), gastropods, spines; limestone, 
anhydritic; nsss and sss 
11,121 wackestone to packstone; spines, brachiopod, 
echinoid spines, calcispheres, tentaculitids, 
Styliolina, bryozoan or foraminifera?; fracture; 
limestone, anhydritic (tabu lar), anhydrite 
replacing calcite, calcite cement around some 
grains; nsss and sss 
APPENDIX D 
INSOLUBLE RESIDUE ANALYSES 
All descriptions arQ megascopic using a binocular microscope. 
Those samples analyzed with the scanning electron microscope (SEM), 
microprobe, and the x-ray diffractometer are clearly designated. The 
following codes are used for depositional environments: BK= 
sublittoral, bank; IT= perilittoral; SB= sublittoral, sub-bank; SBR = 
sublittoral, high sub-bank; SBr = sublittoral, highly fossiliferous; 
SB 1 = sublittoral, intraclast; SBL = sublittoral, lower sub-bank; ST= 
supralittoral, patterned; STL = supralittoral, laminated; STP = 
supralittoral, subaqueous. Sample numbers with the prefix "D" were 
treated with hydrogen peroxide, and samp l es with the prefix "E" were 
treated with chlorox. Sample numbers are the same as those on the SEM 
grain-mount stubs. Other abbreviations are: IR= inorganic residue; OR 
= organic residue; TC= total carbonate; TCS = total crushed sample; 
and TR= total residue. 
195 ' 
NDGS # 7097 TREE TOP FIELD 
11,337, STL, (E7), [1] - gray green patterned silty dolomudstone, cross 
laminated; marker bed 
MACROSCOPIC DESCRIPTION : 85% quartz silt to very fine sand (>99%) 
coarse to medium sand frosted, well rounded (<1%), subangular; 14% 
irregular fine anhydrite and as large crystal cements; pyrite & heavy 
minerals <1% 
PHOTO: color print of total residue; x 0 . 63 
Total Crushed Sample (TCS) = 35.38 g 
Total Carbonate (TC) = 28.20 
Total Residue (TR) = 7.18 
Inor ganic Residue (IR) = 7.00 











11,335, SB 1 , (E8), [2] - intraclastic highly anhydritic dolomite 
(coarse crystalline dolomite); intraclastic rudstone; sub-bank facies; 
transgressive collapse breccia? porosity 18%; plugging by anhydrite 
(dar k brown around anhydrite, medium brown elsewhere) 
MACROSCOPIC: 98% large blocky euhedral anhydrite w/ lesser amounts of 
euhedral bladed or lath anhydrite (2%); 
PHOTO: color print of total residue ; x 0.63 
TCS = 53.93 g Weight%= 
TC = 43. 34 = 
TR = 10.59 = 
IR = 9.99 = 






11,333, se•, (E9), [3) - highly dolomitic limestone; poorly 
fossiliferous wackestone; top of sub- bank fac i es; porosity 12%; 
possible calcitization of dolomite that appears like good dolomite; 
dark brown 
MACROSCOPIC: 60% very fine (<lOOffl) euhedral mostly doubly terminated 
quartz; 12% opaque white mineral (detrital anhydrite?); 2% pyrite 
(framboidal); <1% large (500M) clear crystals (laths of anhydrite); 25% 
clays & organics 







= 26.71 g 
= 26 . 42 
0 . 29 















11 , 331, BK, (ElO), [4] - highly dolomitic limestone; stromatoporoid 
floatstone; bank facies; porosity 8%; dolomite crystals medium to 
coarse; gray brown 
MACROSCOPIC: 45% euhedral quartz (mostly doubly terminated), numerous 
inc lusions & dolomite rhomb shapes in quartz evidence of influence on 
subeuhedral shape; 20% white opaque mineral subcubic; 30% cl ays & 
organics; <1% pyrite 
PHOTO: 2 color prints of total res i due; both at x 0.63 1) polarized 
light, 2) reflected light 
TCS = 30.24 g Weight%= 100.00 
-~----- - -
196 
TC = 30.05 = 99.37 
TR = 0.19 = 0.63 
IR = 0.16 = 0.53 
OR = 0.03 = 0. 10 
11,317, IT, (Ell), (5) - ostracode peloid pack to grainstone; dark 
brown to black brown limestone; birdseye structures, swarms of wavy 
stylolites; porosity 0%; lowest supratidal to highest intertidal 
MACROSCOPIC: 60% clay & organic; 20% quartz, mostly euhedral doubly 
terminated; 13% un ID'ed white opaque mineral; 5% anhydrite, 2% pyrite 
PHOTO: color print of total residue; reflected light at X 0.63 
TCS = 65.90 g Weight % = 100. 00 
TC = 63.38 = 96.18 
TR = 2.52 = 3.82 
IR = 2.28 = 3.46 
OR = 0.24 = 0.36 
NDGS #7349 TREE TOP FIELD 
* includes Wt .% TOC from Rock Evaluation Data from Exxon 
EXXON - 11,268, IT/ST - Avg. Wt.% TOC = 0.00% (0.00, 0.00 & 0.00); my 
Cycle 2; G. Berkhaus - "black anhydrite" 
11,266.25, STL, (E12), [6) - gray green disturbed (roots) laminated 
silty dolomudstone, quartz silt; marker bed (contact with overlying 
dolomudstone must be sawed off for next sample); transgressive unit 
MACROSCOPIC DESCRIPTION: 55% quartz (98% subangular frosted quartz 
silt, <2% medium sand, frosted); 40% Un ID'ed white opaque mineral 
(felted replacive anhydrite), 4% clear, blocky euhedral anhydrite; 
pyrite 
PHOTO: 2 prints of total residue; 1) with polarizer, 2) reflected 
light; both at x 0.63 
Total Crushed Sample (TCS) 
Total Carbonate (TC) 
Total Residue (TR) 
Inorganic Residue (IR) 
Organic Residue (OR) 
= 33 .14 g 














16 . 29 
15 . 90 
0 . 39 
11 , 265.9, SBL, (E13), (7) - clayey dolomudstone; transgressive unit 
por osity 5%; dusky yellow brown 
<1% 
MACROSCOPIC: 90% mixed subangular quartz? and un Tn'ed white mineral or 
por e filling anhydrite (probably is and little q11artz remains looks 
same as that in unit above); <5% clay & organics: ~1% pyrite 
PHOTO: color print of total residue; x 0.63 
TCS = 10.66 g Weight%= 
TC = 8.39 = 
TR = 2.27 = 
IR = 2.23 = 






11,264, SB, (E14), (8) - slightly calcitic and anhydritic dolomite; mud 
to poorly allochemical wackestone; sub bank facies; dark brown; 
porosity 20%; medium (uniform) crystalline dolomite crystals; 
197 
MACROSCOPIC: MICROTEKTITE (1 saved & big one lost); BONES: 60% quartz 
euhedral mostly doubly terminated dolomite rhomb margins & some 
inclusions; 35% anhydrite pore filling geometry; 1% pyrite; 4% organics 
& clay 























11,262, SB, (E15), [9] - moderately calcitic dolomite; mudstone; 
calcite filling horizontal wispy fractures, and s ome porosity; dark is 
calcite plugged, medium brown is open porosity; porosity 10%; sub-bank 
facies; 
MACROSCOPIC: 95% anhydrite euhedral pore filling mostly irregular, with 
30% bladed or blocky : 10% clays & organic (BONE slot 4 sample slide); 
euhedral quartz <1% 







= 64.57 g 
= 62.60 
= 1.97 
= 1. 52 
= 0.45 
at X 0.63 




= 0. 70 
11,260, BK, (E16), [10] - highly dolomitic limestone; highly 
fossiliferous wackestone (suppose to be stroma toporoid bank facies but 
none in sample);, porosity 7%; gray brown 
MACROSCOPIC: 98% anhydrite, very clear, rhomb s haped margin geometry 
indicates pore filling for most w/ <10% bladed or blocky; <1% quartz 
doubly terminated very long C axis 

















100 . 00 
96 . 60 
3 . 40 
2 . 60 
0 . 80 
EXXON - 11,257, BK - Avg. Wt.% TOC = 0.39% (0.40, 0. 39 & 0 . 39); my 
Cyc le 3; G. Berkhouse - "bank" 
EXXON - 11,248, IT - Avg. Wt . % TOC = 1.93% (1.89. 1 . 99 & 1.90); my 
Cycle 3; G. Berkhouse - "intertidal pond" 
11,248, IT, (E17), [11) - dark brown to black brown limestone; peloid 
ostracode pack to grainstone interbedded with poorly fossiliferous 
wackestones separated by swarms of wispy stylolites; 
microburrows/borings suggest possible hardgrounds; supra bank; highest 
subtidal to highest intertidal; porosity 0% 
MACROSCOPIC: 60% clays & organics; 35% detrital Anhydrite OR detrital 
quartz silt frosted & subrounded - Probably anhydrite; 3% pyrite 
(mostly octahedral w/ lesser amounts of framboidRl) 
PHOTO: color print of total residue; x 0.63 
TCS = 45.48 g Weight%= 100.00 
198 
TC = 43.00 = 94. 55 
TR = 2.48 = 5.45 
IR = 2.32 = 5.10 
OR = 0 . 16 = 0.35 
NDGS # 7438 WHISKEY JOE FIELD 
* includes Wt. % TOC from Rock Evaluation Data f r om Exxon 
with brief descr i ptions by G. Berkhouse 
EXXON - 11,116 - Avg. Wt.% TOC = 1 . 41 (1.4 1, 1.42, & 1.41); my Cycle 2; 
arg. laminated intertidal pond facies 
EXXON - 11,115 - Avg. Wt.% TDC= 1.89 (1.78, 1.97 , & 1.91); my Cycle 2, 
arg. band w/n anhy. laminations, supratidal 
EXXON - 11,113 - Avg. Wt.% TOC = 0.01 (0.02, 0.00 , & 0.00); my Cycle 2, 
arg. lms. below patterned dolomite, supratidal 
11, 111.3, STL, (D2 1) - cross laminated silty patterned gray green 
dolomudstone; marker bed transgressive un i t 
MACROSCOPIC DESCRIPTION: none 
PHOTO: color print; both at x 0.63, 1) expand ad j ust on -1, 2) expand 
adj ust on 0 
Total Crushed Sample Weight 
Total Carbonate (TC) 
Total Residue (TR) 
Inor ganic Residue (IR) 
Organic Residue (OR) 
(TCS) = 61. 63 
= 47. 79 
= 13. 85 
= 13 . 42 
= 0.43 
g We i ght % = 100.00 
= 77.54 
= 22.47 
= 21. 77 
= 0.70 
11,111.1, SBL, (D22) - medium brown clayey dolomudstone, transgressive 
zone immediately atop marker bed, sawed directly from billet 
MACROSCOPIC: 94% anhydrite (grains very irregula r appear to have 
infilled intercrystalline dolomite porosity); 3% cl ay; <1% quartz sand 













5 . 10 
0. 18 










11,109.0, SB 1 , (D23) - medium crystalline sucrosi c dolomite partially 
plugged or replaced with calcite; dark brown is c Al c ite plugged, 
moderate brown is open dolomite, rounded i nt r acl nst s some dark wispy 
laminations; porosity 5%; sub bank, transgressiv 0. f acies 
MACROSCOPIC: 55% clear yellowish anhydrite; 44% op;i_que "anhydrite?"; 
<1% pyrite 
PHOTO: color print; X 0 . 63 
TCS = 77. 07 g Wej ght % = 100.00 
TC = 75 . 25 = 97.64 
TR = 1. 80 = 2.34 
IR = 1.48 = 1. 92 
OR = 0.32 = 0.42 
199 
11,108.5, SB~, (D24), [24] - medium brown, medium to fine crystalline 
sucrosic highly dolomitic limestone, moderately fo s s i liferous 
wackestone: porosity 15%; sub bank facies, 
MACROSCOPIC: 45% fine doubly terminated quartz , 45% large, yellowish 
inclusion rich (dolomite & fluid) doubly terminated quartz & irregular 









x 2.8, same shot; 3) x 0.63 
= 53 . 45 g Weight % = 
= 52 . 84 
= 0 . 61 











11,108, BK, (D25) - gray brown highly dolomitic (medium to fine grained 
dolomite xstls) limestone; stromatoporoid cora l floatstone; porosity 
5%; stromatoporoid coral bank facies; 
MACROSCOPIC: 100% euhedral blocky anhydrite , brownish yellow 






= 59.97 g 
= 48.80 
= 11. 17 
= 10.49 
0.68 = 





100 . 00 
81. 37 
18 . 63 
17 . 49 
1. 13 
EXXON - 11,107 - Avg. Wt.% TOC = 0.00 (0.01, 0 .00, & 0.00); my Cycle 3; 
bank 
EXXON - 11,092 - Avg. WT.% TOC = 1.34 (1.31, l . 35, & 
1.35); my Cycle 3; intertidal pond 
11 , 096, IT, (D26) - ostracode, gastropod peloid pAck to grainstone, 
limestone; suprabank facies; porosity 0% 
MACROSCOPIC: 25% clayey brown/black organi c mater i al , 60-70% blocky & 
irr egular shaped anhydrite; 5-10% solitary needl e shaped (actinolite?), 
& coarse & fine needle rosettes and needle aggregates (probably 
precipitates of gypsum or other salt); <1% doubly t e rminated euhedral 
quartz, fine (<100~) 

















g We ight 0~ = 100.00 
= 97.63 
= 2 .37 
= 1. 64 
= 0. 73 
* note grain mount skipped #24 in numer i cal s equ ~nce , see NDGS well 
#7438 
11,064.5, ST, (D-13) - gray green patterned sandy dolomite, marker bed, 
sand 8% 
200 
MACROSCOPIC DESCRIPTION: abdt. UVC sand, one large pink grain fine qtz. 
sand, & doubly terminated quartz, anhydrite cement or replacement 
mineral? 
PHOTO: x 0.63; color print 
Total Crushed Sample Weight (TCS) 
Total Carbonate (TC) 
Total Residue (TR) 





= 11. 92 
= 0.11 
g Weight % = 100.00 
= 65. 00 
= 35. 00 
= 34.68 
= 0.32 
11,062.3, SB, (D14) - fracture dolomudstone, pal e gray brown, stylolite 
along one side (moderate amplitude), fractures filled with non 
effervescent white mineral (possibly dolomite or anhydrite, latter 
probably) save for SEM,; sub bank facies; porosity 0% 
MACROSCOPIC: 






= 28 . 87 g 
= 23 . 85 
















11,062.2, SB, (D15 & D16), [22 & 23] - moderate gray brown ca lcitic 
dolomite; with some vug plugging anhydrite; sub bank facies; porosity 
5%; two pieces saved for SEM (one from plug is more calcitic, D16) this 
must be diagenetic transition zone 
D15 (22) open porosity 
MACROSCOPIC: some c l ay, mostly anhedral honey brown anhydrite, rare 
euhedral anhydrite 







































92 . 92 
7 . 08 







11,061.0, SB 1 , (D17) - intraclastic medium gra i nPrl <lolomite; 
intraclasts dark brown , matrix is moderate brown, good porosity 15%; 
SEM sample cross both intraclast and matrix; s11h hRnk i ntraclastic 
facies 
MACROSCOPIC: mostly anhydrite and fine pyrite ; ~nhyd r i te not normal 
from but appears polyhedral pores 
























11,059, SB, (D18), (25*] - medium gray brown h i ghly dolomitic 
limestone, poorly fossiliferous wackestone; end of best 
intercrystalline porosity 10%; fine to med i um grained dolomite 
crystals;, top of sub bank facies; 
MACROSCOPIC: dominantly doubly terminated quartz (w/ dolo. inclusions 
or intrusions), as syntaxial overgrowths of dolomit e or being replaced 
by dolomite 
PHOTO: color prints; 1) x 3.2, 2) x 1.8 w/ polar i zer , 3) x 0.63; most 
all w/ combination of reflected and transmitted l ight 
TCS = 16.00 g Weight%= 
TC = 15.57 = 
TR = 0 . 44 = 
IR = 0.29 = 






11,058, BK, (D19), - gray brown highly dolomitic limestone; floatstone 
(according to detailed core log no stromatoporoids seen in sample); 
stromatoporoid bank facies; porosity 5% 
MACROSCOPIC: doubly terminated quartz crystals " c lean" with no dolomite 
crystal growth influence, ie . replacement or interference 






= 14 . 18 g 
= 13 . 97 
0 . 21 















11,047-048, IT, (D20), (26] - highly fossiliferous limestone; hf 
wackestone; peloids intraclasts,, ostracods ? , oncolites?, porosity 
0%, supra bank facies 
MACROSCOPIC: mostly 98% doubly terminated quartz , " c l ean", no sign 
dolomite growth interference; NOTE: a few large ( l-1.5 mm) quartz 
crystals 














Weight % = 100.00 
= 98.23 
= 1. 77 
= 1. 35 
= 0 . 42 
COMMENTS: two phase inclus i ons i n quartz useful fo r <liagenetic 
conditions of formation 
NDGS #7091 T.R. FIELD 
* includes Wt . % TOC from Rock Eva l uation Data f r om Exxon 
EXXON - 10,984, IT - Avg. Wt.% TOC = 0.29% ( 0. 33 , 0.27 , & 0.28); my 
Cycle 2; intertidal pond 
10,977, ST, (D27), [17] - gray green patterned do lomudstone marker bed, 
quartz 7% 
202 
MACROSCOPIC: 96% quartz sand (90% fine, 10% coarse to very coarse upper 
all well rdd. & frosted), 2% angular anhydrite; <1% pyrite & heavy 
minerals 
PHOTO: color print; x 0 . 63 
Total Crushed Sample (TCS) 
Total Carbonate (TC) 
Total Residue (TR) 
Insoluble Residue (IR) 







34 . 04 
18.80 
18 . 38 
0.42 
Weight % = 100.00 
= 64.42 
= 35.58 
= 34. 78 
= 0. 79 
10,976, SB, (D28), (18) - medium brown with dark brown 
(calcite plugged?), highly dolomitic limestone; poorly 
wackestone; sub -bank facies; porosity 8% 
blotches 
allochemical 
MACROSCOPIC: one conodont, lost it: 99% anhydrite ( 95% 
filling, 5% large crystals), <1% pyrite 
irregular pore 






= 48.49 g 

















10,975, SB 1 , (D29), (19) - rounded intraclastic/burrows? highly 
dolomitic limestone (dolomite crystals medium); medium to dark brown; 
porosity 10%; sub bank facies 
MACROSCOPIC: 95% doubly terminated euhedral quartz <lOOm; 5% white 
opaque mineral (anhydrite); ,1% framboidal pyri te , abundant flakes of 
epoxy 
























10,974, BK, (D30), (20) - gray brown, highly dolom i tic l imestone; 
highly fossiliferous wackestone (sample) suppose to be in 
stromatoporoid wackestone facies; bank facies; porosity 10%; 
MACROSCOPIC: 80% doubly terminated quartz w/ dolomite rhomb inclusions 
or margins intrusions, bimodal; 20% clay/organ i c chunks 






= 39 . 72 g 
= 39 .28 




= 0. 19 









EXXON - 10,965, BK - Avg. Wt.% TOG= 0.02% (0 . 02, 0 . 00, & 0.05); my 
Cycle 3, bank 
EXXON - 10,960, IT - Avg. Wt.% TOG= 0.64% (0.65, 0.64, & 0.62); my 
Cycle 3; intertidal pond 
203 
10,959, IT, (El), [21] - dark brown to black brown peloid ostracode 
packstone to grainstone with swarms of wispy stylolites separating 
hardgrounds from interbeds of sparse mudstones, supra bank facies, 
intertidal to shallow subtidal; porosity 0% 
MICROSCOPIC EXAM: minerals 4or. (Sor. irregular gypsum laths and 48% 
doubly terminated authigenic quartz dominant with minor <2% amount of 
"bumpy framboidal?" pyrite, and rare octahedral? (euhedral) pyrite); 
60% organics or clays probable as dark flaky semilustrous masses; 
ORGANICS: spherical to discoidal brown/green objects ... algal fruiting 
bodies? NOTE:two very large (2mm) angular crystals (epoxy) but soft 
enough to break or scratch with teasing needle; probably anhydrite but 
co l ors wrong, greasy looking 






NDGS #7846 T.R. FIELD 
= 45.81 g 
= 45 . 09 
0. 72 














0 . 22 
[note: core mislabeled as 7122 originally, I corrected it] 
*includes Wt.% TOC from Rock Evaluation Data from Exxon 
10,961, ST, (E26), [12] - gray green patterned dolomite; patt erned 
dolomudstone, trace pyrite defining patterning, probably some quartz 
silt 
MACROSCOPIC: 50% clays, or very fine anhydrit ic silt; 50% quartz, fine 
sand, well rounded & frosted, apparently with some overgrowth minerals, 
anhydrite?; 10 anhydrite 
PHOTO: color print; x 0.63 
Total Crushed Sample (TCS) 
Total Carbonate (TC) 
Total Insoluble (TR) 
Inorganic Residue (IR) 
Organic Residue (OR) 














26 . 35 
25. 72 
0 . 63 
10,960, SB, (E27), [13] - slightly anhydritic and calcitic dolomite; 
mud to poorly fossiliferous wackestone; bored/bur rowed hard 
ground/firmground; moderate brown to dusky yellow brown; transgressive 
unit 
MACROSCOPIC: 99% anhydrite (90% irregular pore filling, 10% large 
blocky to lath shaped); <1% quartz, ratty incl11s ion filled; 























10,958, SB, (E28), [14] - slightly anhydritic dolomite; dark yellow 
brown dolomudstone; oil stained; good intercrystnlline porosity and 
some micro-vugs or micro-moldic 
204 
MACROSCOPIC: 84% anhydrite (irregular pore filling); 5% clays & 
organics; <1% quartz, ratty inclusion filled; 10% pyrite; NOTE: large 
















Weight % = 100.00 
= 98.84 
= 1. 16 
= 0.94 
= 0.22 
10,955, sex, (E29), (15) - highly dolomitic limestone; dark brown 
dolomudstone,probably calcite plugged or dedolomitized, porosity minor, 
possibly intraclastic; 
MACROSCOPIC: 45% quartz, fine (<lOOM), euhedral, mostly doubly 
terminated, larger ones with inclusions & rhomb geometries along 
margins; 35% anhydrite, white opaque variety= 90%, remainder is 
yel l owish pore filling; and 20% pyrite, very fine, mostly framboidal 
PHOTO: color print of total residue; x 0.63 
TCS = 40.30 g Weight % = 
TC = 39.82 = 
TR = 0.48 = 
IR = 0.35 = 






EXXON - 10,946, BK - Avg. Wt.% TOC = 0.15%, (0.16, 0.14 & 0.15); my 
Cycle 3, 
EXXON - 10,942, SUPRABK - Avg.Wt.% TOC = 0.04%. (0.05, 0.04 & 0.03); my 
Cycle 3, between bank and pack to grainstones 
10,940, IT, (E30), [16) - moderately dolomitic slightly anhydritic 
limestone: ostracode peloid packstone/grainstone with interbeds of 
mudstone and highly stylolitic (dense swarms); tight; black brown to 
dark brown 
MACROSCOPIC: 70% quartz, (10% euhedral, remainder subhedral from 
dissolution or etching, or irregular overgrowths, may have oil scum on 
them); 15% organics and clays; 10% anhydrite if at all, hard to tell 
from ratty quartz; 3% pyrite several big chunks of epoxy 
PHOTO: color print of total residue; x 0.63 
TCS = 40.16 g Weight %= 
TC = 39.58 = 
TR = 0.58 ::: 
IR = 0.43 






EXXON - 10.939, IT - Avg.Wt.% TOC = 0 . 21% , ( 0.20, 0.23 & 0.19); my 
Cycle 3 
NDGS #6378 FOUR EYES FIELD 
(note: was labelled 7122/7846) 
* includes Wt.% TOC from Rock Evaluation Data from Exxon 
EXXON - 11,237, IT - Avg, Wt.% TOC = 0.31% (0.32. 0.31 & 0.30); my 
Cycle 2; G. Berkhouse - "intertidal pond" 
205 
11,233.2, STL, (E18 - (Gary's 233.5) - gray green cross laminated 
silty rdd. intraclastic dolomudstone; stylolite marks top of bed (only 
small segment) 
MACROSCOPIC DESCRIPTION: 75% quartz, fine sand, frosted; 24% anhydrite 
irregular shaped, <1% pyrite; 1% clay w/ trace organics 
PHOTO: 3 color prints of total residue; 1@ x 0.63 & 2@ x 3. 2 ; shows 
opaque grains in fine qtz. sand 
Total Crushed Sample (TCS) 
Total Carbonate (TC) 
Total Residue (TR) 
Inorganic Residue (IR) 
Organic Residue (OR) 
= 26.24 g 

















11,233 . 0, sex, (E19) - (Gary's 233) - poorly fossiliferous intraclastic 
wackestone, dolomite; medium brown; porosity 12% medium dolomite 
crystal size, moldic mi crovug and intercrysta l porosity; sub -bank 
facies ; transgressive unit 
MACROSCOPIC: 98% anhydrite (15% blocky & laths, 85% irregu l ar "pore 
filling"); <1% quartz (doubly terminated euhedral); <1% clays & 
organics 
PHOTO: color print of total residue; X 0.63 
TCS = 59.61 g Weight % = 100. 00 
TC = 57.64 = 96.70 
TR = 1. 95 = 3.30 
IR = 1. 75 = 2.94 
OR = 0.22 = 0.37 
11,232.8, SB, (E20) - (Gary's 233 - texture looks lower t han above 
sample) - same as above; both have minor large laths of replacive 
anhydrite 
MACROSCOPIC: 30% clays & organic; 68% irregular/ pore filling 
anhydrite; <1% euhedral quartz mostly doubly terminated; <1% anhydrite 
b l ocky or laths 
PHOTO: color print of total residue; X 0.63 
TCS = 30.47 g Weight% = 100. 00 
TC = 29.04 = 95.3 1 
TR = 1. 43 = 4.69 
IR = 1. 34 = 4.40 
OR = 0.09 = 0.30 
EXXON - 11,232, sex - Avg. Wt.% TOG= 0.08% (0.17-, 0.06 & 0.07); my 
Cycle 3; breccia 
11 , 232.0, sex, (E21) - intraclastic dolomite , jntraclastic rudstone in 
mud to poorly fossiliferous wackestone matrix; enhanced poros ity in 
intraclasts; porosity 25%; sub bank facies; transgress i ve uni t? 
POSTULATE: collapse of anhydrite during transgression, medium to 
coarsely crystalline dolomite 
MACROSCOPIC: 79% anhydrite (irregular, pore filling w/ 5% lar ge 
blocky); <1% quartz (possibly substantially more, but if many of the 
bright clear, irregular-pore shaped grains are q11artz); 15% organics 
and clay 
PHOTO: color print of total residue; x 0.63 
TCS = 33.78 g We i ght%= 100.00 
206 
TC = 33.02 = 97.75 
TR = 0. 76 = 2.25 
IR = 0.67 = 1. 98 
OR = 0.09 = 0.27 
11,229, SB 1 , (E22), [33) - intraclastic s l ightly anhydritic dolomite; 
rudstone, intraclasts well rounded; sub-bank facies, porosity 15%, 
moderate brown; 
MACROSCOPIC: 83% anhydrite (10% blocky, 90% irregular/pore filling, 35% 
opaque white); 15% clays & organics (two types , 1 reddish brown, 1 
typical black, some BONE like grains); 2% quartz , euhedral, mostly 
doubly terminated; <1% pyrite 











0 . 25 










11,226, SB8 , (E23), [34) - slightly calcitic dolomite; moderately 
fossiliferous wackestone; highest sub- bank facies; porosity 8%; gray 
brown 
MACROSCOPIC: 40% pyrite (70% framboidal, 30% octahedral); 30% anhydrite 
(irregular, pore filling, & opaque white; 30% quartz euhedral mostly 
doubly terminated ; red and blue entities, contaminants? color marker 
soaked clays? 
PHOTO: 2 color prints 1) polarized light, 2) re flected light; both shot 











72 . 56 g 
72 . 11 
0 . 45 
0 . 32 
0 .13 





11 , 224, BK, (E24) . - gray brown highly dolomitic limestone; 
str omatoporoid floatstone; porosity 5%; stromatoporoid bank 
MACROSCOPIC: 95% blocky anhydrite; 4% clays & organics; <1% 
euhedral doubly terminated; 
f acies; 
quartz, 
PHOTO: color print of total residue; x 0 . 63 
TCS = 76.30 g 
TC = 75.27 
TR = 1.03 
IR = O. 78 
OR = 0 . 25 










EXXON - 11,219, BK - Avg. Wt.% TOC = 0.15% (O . 16 , 0 . 13 % 0.15); my 
Cyc le 3, G. Berkhouse - "bank" 
11,216, OT, (E25), [35•] - ostracode peloid pack to grainstone; 
limestone, wispy/wavy stylolite swarms, black brown slightly anhydritic 
• one piece on grain mount is from inorganic res i due 
MACROSCOPIC: 96% clays & organics; 3% quartz ( <0.5% euhedral doubly 
terminated, some look etched; 99% vry . fine sand to silt, frosted, 
rounded); <1% pyrite; 
207 
PHOTO: color print of total residue; X 0.63 
TCS = 95.97 g Weight% = 100.00 
TC = 84.26 = 87.80 
TR = 11. 71 = 12.20 
IR = 11. 36 = 11.84 
OR = 0.35 = 0.36 
EXXON - 11,210 ST/IT - Avg. Wt.% TOC = 0. 18% (0.21, 0.18 & 0. 16); my 
Cycl e 3; G. Berkhouse - "intertidal pond" 
EXXON - 11,209 ST/IT - Avg. Wt.% TOC = 0.38% (0.38, 0.38 & 0.39); my 
Cycle 3; G. Berkhouse - "intertidal pond" 
NDGS #6543 FOUR EYES FIELD 
* i ncludes Wt.% TOC from Rock Evaluation Data from Exxon 
!!! NOTE: SEM grain mount numbers [31 & 32) do not correspond to 
numerical order to stop #'s 
EXXON - 11,283, IT - Avg. Wt.% TOC = 0.06% (0.08, 0.06 & 0.05); my 
Cycle 2 
11,280, STP, (E2), [31) - slightly anhydritic limestone; mudstone to 
poorly allochemical wackestone interbedded with gray green patterned 
dolomite marker bed; porosity 1%; supratidal pond-freshing event 
MACROSCOPIC DESCRIPTION: 94% mineral (95% dominantly fine sand to silt 
sized detrital looking or pore filling (subangular to angular) 
anhydrite; one large anhydrite? or epoxy crystal (1mm) angular): 5% 
CLAY and/or ORGANICS: possibly some clays, no "algal fruiting bodies"; 
PYRITE <1% cubic 
PHOTO: color photo of total residue; x 0.63 
Total Crushed Sample (TCS) = 69.10 g 
Total Carbonate (TC) = 66.69 
Total Residue (TR) = 2.41 
Inorganic Residue (IR) = 2.23 











EXXON 11,279, IT - Avg. Wt.% TOC = 0. 19% (0.21, 0. 19 & 0.18); my 
Cycle 3; G. Berkhouse - breccia 
11 , 278, SB, (E3), [32"] - slightly anhydritic dolomndstone; mud to 
poorly allochemical wackestone; anhydrite replacivP- and some vug 
f il ling as large crystal s;, dolomite fine to mediilm crystall i ne, 
porosity 5% (maybe plugged with anhydrite), sub hank facies 
* tape on SEM grain mount divided in two parts; 1/2 w/ total residue 
& 1/2 minus organics 
MACROSCOPIC: 96% wide range of anhydrite crystals from detrital looking 
fine silt to large euhedral (0.5mm) with ensily visible cleavage NOTE: 
lar ge crystals (epoxy) above and in #7091-10959 <lidn't have visible 
gypsum cleavage; they had conchoidal fractures, hmmm? EPOXY: 2% 
ORGANICS: none definite, possibly some clays as some very fine grained 
208 
undifferentiable material in sample: <1% pyrite & other heavy minerals: 
<1% euhedral quartz w/ inclusions 
PHOTO: color print of total insoluble; x 0.63 
TCS = 66.69 g Weight % = 100.00 
TC = 64.58 = 96.84 
TR = 2.11 = 3.16 
IR = 2.00 = 3.00 
OR = 0.11 = 0.16 
11,276, SB 1 , (E4), (28) - intraclastic highly calcitic dolomite; 
rudstone, large intraclasts subangular; matrix is plugged (dark 
brown), intraclasts with open pores light brown; sub-bank facies, 
transgressive unit?, porosity 10% 
MACROSCOPIC: 55% euhedral (mstly. doubly terminated) quartz; 35% opaque 
white subcubic often appearing hollow cored; <5% anhydrite irregular 
pore filling casts; <1% heavy minerals & pyrite; <2% clay & organic, 2% 
un- ID'ed (reddish crust marker colored epoxy); some epoxy fragments; 
PHOTO: 2 colored prints of total insoluble; both at x 0.63, 1) with 






= 51 . 45 
= 51. 05 
= 0 . 40 
= 0.32 
= 0.08 





11 , 274, BK, (E5), [29) - highly dolomitic limestone; floatstone; 
str omatoporoid bank facies; porosity 6%; gray brown medium to coarse 
crystalline dolomite 
MACROSCOPIC: 65% euhedral quartz (mostly doubly terminated); 30% blocky 
euhedral anhydrite; <1% heavy minerals & pyrite; 4% clays and organics 
(includes all black, shiny irregular material probably c l ay 
concentrates along stylolites) 
PHOTO: color print of total insoluble; x 0.63 
TCS = 97.84 g Weight%= 100.00 
TC = 96.63 
TR = 1.21 
IR = 0.98 









EXXON - 11,271, BK - Avg. Wt.% TOC = 0.05% (0.08, 0/03 & 0.03); my 
Cycle 3; G. Berkhouse - bank 
EXXON - 11,255, IT - Avg. Wt.% TOC = 0 . 34% (0.32, 0.33 & 0.36); my 
Cycle 3; G. Berkhouse - intertidal pond 
11,255, IT, (E6), (30 ) - dark brown limestone; pelo i d ostracode pack to 
grainstone; birdseye structures, porosity 0%; suprRbank facies; 
i ntertidal to lowest supratidal 
MACROSCOPIC: 67% crystalline minerals (90% anhydrjte, 8% un ID'ed 
white, 2% euhedral quartz), 3% pyrite (framboidal & octahedrons) & 
heavy minerals, 30% organics and clays 
PHOTO: 2 color prints of total residue; both 
TCS = 44.75 g 
TC = 43.45 







= 1. 30 
= 1.13 
= 0.17 







11,777, ST, (D9) - gray green patterned dolomudstone; marker bed 
MACROSCOPIC DESCRIPTION: 1 large upper very coarse quartz sand 
PHOTO: mag. x 0 . 63 @ 0.3 sec exposure 
Total Crushed Sample Weight (TCS) = 26.07 g Weight%= 
Total Carbonat e (TC) = 18.98 = 
Total Residue (TR ) = 7 . 09 = 
Inorganic Residue (IR) = 7 . 00 = 






11,775, SB, (D10) - fine grained or plugged dolomite, poorly 
fossiliferous wackestone, moderate brown; sub bank facies, porosity 
moderate to poor 
MACROSCoPIC: mostly anhydrite, fine gra i ned pyrite 






= 28 . 91 g 
= 26 . 01 










= 0 . 35 
11 , 773.9, sex, (D l l), [36A] -intraclasts and possible hardground as 
sucrosic dolomite, intraclasts and hardgrounds dark brown probably 
plugged or replaced), matrix moderate brown; anhydrite in har dground & 
probably intraclasts (some white crystalline mineral); three sub 
samples for SEM at 773.9 (hardground), 773.5 (intr~clast) and 773.2 
mat rix 
MACROSCOPIC: 






















11,768, BK, ( D12), [36B] - medium grained sucrosir. highly dolomitic 
skeletal limestone; stromatoporoid float s tone; bnnk facies; moderate 
porosity 
MACROSCOPIC: all doubly terminated quartz 














NOTE: PELOIDAL OSTRACODE PACK TO GRAINSTONE NOT CORED 
= 100.00 
= 98.66 
= 1. 34 
= 1.16 
= 0 .21 
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NDGS# 9033 ROOSEVELT FIELD 
10,945.9, ST, (Dl) - patterned gray green dolomudstone, some quartz 
sand; marker bed; 
MACROSCOPIC DESCRIPTION: quartz, anhydrite, pyrite, other heavy 
mine rals, fluorite?; all quartz frosted, most (80%) grains subangular 
very fine upper sand (88 -125M), 10% (mst l y. coarser lower 500~, up to 
vry.coarse upper 1.4~); anhydrite 5% as cement and replacive xstls; 
heavy minerals & esp. pyrite< 1%, clays 2%, rare quartz overgrowths 
Total Crushed Sample Weight (TCS) = 27.41 g Weight%= 100% 
Total Carbonate (TC) = 18 . 97 g " = 69.21 
Total Residue (TR) = 8 . 44 g " = 30.79 
Inorganic Residue (IR) = 8.30 " = 30.28 
Organic Residue (OR) = 0 . 14 " = 0.51 
10,945 . 6, STL, (D2) - thinly cross laminated, quartz silty, gray green 
dolomudstone; marker bed, transgressive zone of marker; 
MACROSCOPIC: quartz silt to very fine lower sand 70%, angular to 
subrounded, anhydrite 27% as cement and replacive xstls., heavy 
minerals or metallic looking clay concentrate along stylolite 






















10,945.4, S8 1 , (D3) - clayey intraclastic dolomudstone; sub bank 
facies, transgressive unit; intraclasts both r ounded and flat chipped 
MACROSCOPIC: doubly terminated quartz, <1%; q ua rtz silt and very fine 
sand possible; 99% anhydrite (probably) ; trace he avy minerals or clays; 






= 21. 68 g 
= 16. 79 















10,945.0, SBI, (D4)· [37A] - rounded & compacted i ntraclastic ghosts, 
coa rse sucrosic dolomite with large anhydrite c r ys t als replacing and 
filling voids; dark brown (oil stain?); sub bank, transgressive? 
TCS = 46.06 g w~ight % = 100.00 
TC = 44.00 = 95.53 
TR = 2.06 = 4.47 
IR = 1. 77 = 3.84 
OR = 0.29 = 0.63 
10,942.58, SB 1 , (D5), [37B] - intraclastic ghosts, medium coarse 
sucrosic dolomite, moderate brown; sub bank fac ies; good porosity 
(overlain by plugged zone 211 thick - next sample) 
TCS = 34 . 21 g We ight%= 
TC = 33.71 = 
TR = 0.50 = 







OR = 0.16 = 0 . 47 
10,942.52, SB, (D6), (38) - medium coarse sucros ic dolomite - plugged 











g We i ght % = 100 . 00 
= 99 . 33 
= 0.39 
= 0.27 
10,940.0, BK, (D7), (39) - moderately coarse sucrosic highly dolomitic 
limestone, gray brown, stromatoporoid floatstone; stromatoporoid bank 
facies; moderate to poor porosity 
TCS = 53.12 g Weight% = 100.00 
re = 52.72 = 99.25 
TR = 0 . 39 = 0.73 
IR = 0 . 20 = 0.38 
w = 0 . 19 = 0.36 
10,962.1, IT, (DB), (40) - black brown limestone; interbedded mudstones 
and ostracode peloid pack to grainstone s l ightly above oncolites, 
interbeds separated by wavy thick swarms of stylolites, birdseye 
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